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ʂµ̓0, 10, 21, 40%̝ʔȹƅǮÃŁ͊ˀÌª@ţ̡÷ǳ 
ʂĵʉŮƳ 
 
ʂ£ʀɏɍɞ̻̏ȹƅ¥;̝ʔÀˮȠƝUɰ/̜ʔ@ p. 64 
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    ̝ʔÀˮȠƝ@ȏ˼ 
ʂ£̓Butyl TOYOPEARL 650S Uɑ 4̜ʔ÷ɕ 
ʂĵ̓ɏɍɞ̻̏ȹƅ¥;̝ʔÀˮȠƝUɰ/̜ʔ@ʎː 

















ʂĵʀAmphibacillus xylanus @ NADH oxidase – Prx ʐ@˙ǳ  p.115 
Ƅˬ 






ʂ£ʉNADH oxidase- Prx ˑğÌ÷ŝ̡Ȯţ 
ʂ¡̓Blue native PAGE ?NQ˙ǳ 
ʂµ̓Static light scattering ?NQ˙ǳ 
ʂ£̓Sedimentation equilibrium ?NQ˙ǳ 
ʂĵʉNADH oxidase- Prx ˑğÌȃ̊˙ǳ 
ʂ¡̓NADH oxidase @ʚǟȃ̊˙ǳ 
 3 
ʂµ̓Small angle X-ray Scattering ?NQˑğÌȃ̊˙ǳ 
ʂ¶ʉŮƳ 
 
ʂ¶ʀAmphibacillus xylanus @ŕȒÀˮʙ˷@ǿ˝   p.146 
Ƅˬ 








ʟƳŲǦ       p. 177 
 





əɵ     ȊƇġɵ 
A. xylanus  Amphibacillus xylanus Ep01 =DSM 6626T =JCM 7361T 
=NBRC  
   15112T 
Ȼ̝ buffer  NaHCO3-Na2CO3 buffer 
Tris  2-Amino-2-hydroxymethyl-1.3-propanediol 
Na-pi        NaH2PO4-Na2HPO4 buffer(̝ʢˋȥ) 
K-pi         K H2 PO4-K2H PO4 buffer 
AS  Ammonium sulfate 
β-NADH  β-Nicotinamide adenine dinucleotide,REDUCED FORM 
FAD  Flavin adenine dinucleotide disodium salt n-hydrate 
FMN  Flavin mononucleotide 
R.F.  Riboflavin 
PQ  Paraquart 
EDTA             Ethylenediamine-N,N,N’,N’-tetraacetic acid 
TEMED          N,N,N’,N’-tetramethyl-ethylenediamine 
SDS             Sodium dodecylsulfate 
IPTG             Isopropyl-β-D(-1)-thiogalactopyranoside 
DTT              (±)-Dithiothreitol 
2-Me         2-Mercaptoethanol 
BPB           Bromophenol blue 
CBB  Coomassie brilliant blue 
PBS            pH 7.2 , 10mM NaH2PO4-Na2HPO4 buffer (150mM NaClĥǥ) 
DAB              3.3’-Diaminobenzidine 
Pharmalyte        PharmalyteTM3-10 for IEF 
TEA              Triethylamine 
Tween 20          Polyoxyethylene ( 20 ) sorbitan monolaurate 
PVDF            Polyvinylidene difluoride 
Prx               Peroxiredoxin 
Nox  NADH oxidase 
E3  Dihydrolipoamide dehydrogenase 
E2  Lipoamide acetyltransferase 
E1α pyruvate dehydrogenase α subunit  or   
pyruvate dehydrogenase complex E1 component α subunit
 5 
əɵ     ȊƇġɵ 
E1β  pyruvate dehydrogenase β subunit  or 
pyruvate dehydrogenase complex E1 component α subunit 
SOD  Superoxide disumutase 
Fur  Ferric uptake regulator 
PEG   Polyethylene glycol 
X-gal  5-Bromo-4-chloro-3-indoxyl-beta-D-galactopyranoside 
DEPC  Diethyl pyrocarbonate 
MOPS  3-Morpholinopropane sulfonic acid 
sH2O             ȴˀȓ 
R.T.              Room Temperature 
˴ʒȓ  Milli-Q ˴ʒȓˎʦlnx͎ǗǫXɱ͏?NQL
@ 
DLS  Dynamic Light Scattering 


















ı,R4ǫˀ%ǓųǓɸ<-:ƾı,R:$OɌĻH;?A. xylanus @ų/Q HA
e [3]?ǌŐ'@dxX%÷͉,R: QHA e ?AŕŇʭŇ
ŕX`ʭX`Ɲˀ%Ő'÷͉,R: Q%ǫˀ@ɏʱNaClȹƅA3  5 %
;PʭŇƝAǥ-: >  
ǫˀ@Ɲ˲@>$;̝ ʔ@ǥȾ?$$TO0ɏʱ%Ěʳ;QȼAÊhnz
Z_nüɑ͎͍Ò>Ł͊ˎʦ%¦˓>Ł͊͏ʐ@ɮɿ%ǧƐ;&Q4KƨA




-4 2 ̝Àˮʙ˷Uǥ-:#PŕȒǮÃ¥;A PDH complexSODNADH 




A. xylanus @ŕȒÀˮʙ˷@éŧ˙ǚUɢɞ<-4 
 
ýÄʬ;QǓ·OAɉɿˉǈȚ»ːįƬˊˢÒȇȃ͎NITE͏<@íĠɪɻ?
NPég̛ø˙˩<é̗Æŝ@}XXx lUˉ A. xylanus g
Ɵńy t nUšƧ,142*;ɲAH0gy tUüɑ-4łɯ
Àˮʙ˷̗Æŝ@ĠţUˣI4ʂ¡ʀ;Ag˙ǳ<zndz ˙ǳ
UªƗ<-:łƂÀˮʙ˷̭§̗Æŝ@˺ñ;@ŞĻUǿ˝- A. xylanus @
 7 
ǥ/QłƂÀˮʙ˷@ŞĻUǿ˝-4ā":zndz ˙ǳ?NPǖ













  A. xylanusŕȒÀˮʙ˷@˙ǚUɢɞ<-:*RH;?ÀˮɐɆ÷ǳ̜
ʔȠƝx_ ˙ǳg˙ǳ%ˉTRA. xylanus @Àˮʙ˷@ƽţ%
ˉTR4*RH;?ƽţ,R4Àˮʙ˷U Figure 1-0-1 ?ɰ/*RH;@˙ǳ











Figure 1-0-1. Previous metabolic pathway of Amphibaccillus xylanus. 
Acetate 



































Nox : NADH oxidase 









1. KEGG͎Kyoto Encyclopedia of Genes and Genomes͏Uüɑ-4Àˮʙ˷@ƽ
ţ 
 Àˮʙ˷@ƽţ?A KEGG (http://www.genome.jp/kegg/)Uüɑ-4A. 
xylanus gy tA¡ʻɞ>y td(DDBJ, GenBank)?ɜ̥Ȫ
I;PKEGG web site ?# :Ly tüɑĚʳ;QKEGG î;
Ïɑ,R: Q pathway `xi ?ł9&Àˮʙ˷U¡808ɢ˕
;ɮ˥-Àˮʙ˷@ǥȾUˢÒ-4KEGG Uɑ : A. xylanus ég









































































2. Fatty acid metabolism 
 A. xylanusA Fatty acid bio synthesis Uǥ-: 4 (Figure 1-1-2)%fatty acid 
degradationAȈŖ-: 4 (Figure 1-1-3) 
 
 
Figure 1-1-2. Fatty acid biosynthesis in Amphibacillus xylanus base on KEGG 




3. Nucleotide metabolism 
 A. xylanus AǺ̝ȃƧ˓ʔ;QXy}͎Figure 1-1-4 ͏eX}͎Figure 








Figure 1-1-5. Pyrimidine metabolism in Amphibacillus xylanus base on KEGG. 
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4. Amino acid metabolism 
 A. xylanusA Arginine, proline, Glutamine, glutamateU@3'X̝ğƧʙ˷
Uǥ-: 4Alanine, asparate, glutamate, glutamineÀˮU Figure 1-1-6?Glycine, 
serine, threonine, tryptophane ÀˮU Figure 1-1-7 ?cysteine methionine ÀˮU
Figure 1-1-8?valine, leucine, isoleucineÀˮUFigure 1-1-9?lysineÀˮUFigure 
1-1-10?arginine, prolineÀˮU Figure 1-1-11? histidineÀˮU Figure 1-1-12







Figure 1-1-6. Alanine, asparate and glutamate metabolism in 
Amphibacillus xylanus based on KEGG. 
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Figure 1-1-7. Glycine, Serine and threonine metabolism in 
Amphibacillus xylanus based on KEGG 
Figure 1-1-8. Cysteine and methionine metabolism in Amphibacillus 













Figure 1-1-9. Valine, leucine and isoleucine 
metabolism in Amphibacillus xylanus based on 
KEGG. 




Figure 1-1-11. Arginine and proline metabolic pathway in Amphibacillus xylanus based on 
KEGG. 



















Figure 1-1-13. Histidine metabolism in Amphibacillus 










 Glucose solution  
D-glucose     25 % 
ÍːƑ 115, 10min _ zd  
 
 Resazurin solution  
Resazurin sodium salt ͎ Wako ¡ʓ ͏ 0.1 % 
 
 Ȼ̝ buffer  
NaHCO3      1 M 
Na2CO3      1 M 
NaHCO3 : Na2CO3 UT1pH 10.6 ?˪ǎ-121 , 20 min _ zd  
 
  Salt B solution ( 
 100 )   
MgSO47H2O      2.0 % 
MnSO45H2O    0.05 % 
FeSO47H2O    0.05 % 
 
  Salt C solution ( 
 100 )   
CaCl22H2O      1 % 
 
 GY ŁļʘƧU Table 1-2-1 ?ɰ/eh n<Ȼ̝wW Resazurin
ȳȥU@3 4/E:@ˣ˄Uȧğ- pH U 7.0 ?˪ǎ/QpH ˪ǎƑ?
Resazurin ȳȥUā"121, 20min _ zd /QǾˀɣý? Glucose 




Table 1-2-1. Compositions of GY medium 
 Regent Percentage (%)  g / ℓ 
Yeast extract (DIFCO) 0.30  
 
3 
Polypepton (Ǘǫː˄) 0.03  
 
0.3 
NH4NO3 0.20  
 
2 
K2HPO4 0.10  
 
1 
×100 Salt B solution 1.00  
 
10 
×100 Salt C solution 1.00  
 
10 
Resazurin ȳȥ 0.10  
 
1 




 buffer 5.00    50 
 
2. ŜȒŁ͊̹ˀ 
ʲŝɈƣ;Êȭ×Ş-:Q A. xylanus U 10 m @ŜȒ GY Łļ? 1 mǾˀ
- 39.5 , 8 h ̾ʦŁ͊;ˀU˳*-ĠŁļUɑ : 100 m /120 ml ZX
 3  / 10 m Wt  <nf Xw-Ł͊Uˉ743 Ł
͊?AŜȒǮÃ͎ N2ħ&́I ;͏Ł͊-ǾˀA/E:Łļ?ū-: 1 / 100 ̡
;ˉ74O.D.660 0.5 ¿̂;Ł͊ȥ 50 ml Uƺę- 100,000 rpm 1 min 4 
͎TOMMY MX-305͏;ʔǘ'̹ˀ-4̹ˀˀÌAʔǘ'ȥÌɾʔ?:ôʚ,
1-80;×Ş-4m Wt Uɑ 4͔ Ł͊ǜ@ˤʖ>ǮÃA
Table 1-2-2 ?ɰ/ɏʱǠʡU Figure 1-2-1A ?ɰ/ 
 
3. ŕȒŁ͊̹ˀ 
ʲŝɈƣ;Êȭ×Ş-:Q A. xylanus U 10 m @ŜȒ GY Łļ? 1 mǾˀ
- 39.5 , 8 h ̾ʦŁ͊;ˀU˳*-ĠŁļUɑ : 100 m / 500 ml w
¿&£˘nh 3  / 10 m Wt  <nf Xw-Ł͊
Uˉ743 Ł͊;AŕȒǮÃ(Air ħ&́I);Ł͊-ǾˀA/E:Łļ?ū
-:1 / 100 ̡;ˉ74O.D.660 0.5 ¿̂;Ł͊ȥ50 mlUƺę- 100,000 rpm 
1 min 4 ͎TOMMY MX-305͏;ʔǘ'̹ˀ-4̹ˀˀÌAʔǘ'ȥÌɾʔ
?:ôʚ,1-80;×Ş-4m Wt Uɑ 4͔ Ł͊ǜ@ˤʖ
>ǮÃA Table 1-2-1A ?ɰ/ɏʱǠʡU Figure 1-2-1A ?ɰ/ 
 
4. ̇ª̝ʔȨāŁ͊̹ˀ 
3 Ł͊H;@ˉɷAŜȒŁ͊?̈́.:ˉ!O.D.660 0.5 ¿̂; Air UȨā
 22 
-0, 5, 10, 30 min ǜ? Ł͊ȥ 50 mlUƺę- 100,000 rpm 1 min 4 ͎ TOMMY 
MX-305͏;ʔǘ'̹ˀ-4̹ˀˀÌAʔǘ'ȥÌɾʔ?:ôʚ,1-80;
×Ş-4m Wt Uɑ 4͔ Ł͊ǜ@ˤʖ>ǮÃA Table 1-2-2


















Table 1-2-2. Detailed culture conditions. 
  O2 conc. (%) 
 
0 21 
Instrument Jarfermenter Jarfermenter 
 Company MARUBISHI MARUBISHI 
 Type MDL-1001S MDL-1001S 
 Scale (L) 10 10 
Medium volume (L) 3 3 
Gass N2 gass air 
Agitation (rpm) 50 100 
Airation (v/v/m) 0.5 0.5 
Culture condition 
   Temp. 39.5 39.5 
 pH 9.75 9.75 
 23 
 
Figure 1-2-1. Growth curve of Amphibacillus xylanus under aerobic and anaerobic conditions (A), 






























RNA extraction by TRizol
Removal of rRNA by Ribo-ZEROTM  
rRNA Removal kit (epicentre)
cDNA libraly construct 




(CLC genomics work bench)
 

































RNA extraction by TRizol
Removal of rRNA by Ribo-ZEROTM  
rRNA Removal kit (epicentre)
cDNA libraly construct 




(CLC genomics work bench)





1. Total RNA @Ưö 













 D@ǺɸęṔI?A Prime-ItR  II Random Primer Labeling Kit



























Figure 1-2-2. Northern analysis of the genes related to Glycolytic pathway  and oxygen metabolism 

























































































































































































































aldH, adh, adhE 






























1. Total RNA @Ưö 
 ʂ¡ʀ ʂµʉ ʂµ̓ 1 ?Ȳ.:total RNA @ƯöUˉ74 
 
2. RNA Integrity Number͎RIN͏@Ȯţ 
ǫť͌AǱ¹̀Ȁőş g˙ǳpt ͎12 Ĝ͋ 6 ̴͏?:ˉ74˪
ǎ-4 RNA j@ȹƅU̕ǜ˪ː-Z_X|Zk͎Agilent ɱ͏?
: RIN UȮţ/QRIN A RNA @÷˙ƅUv\wd/QƵȅ<>QǌÝ;




Zk@ȮţNPÏɑ-4 total RNA j@ RIN A/E: 8.0 Á¤;7

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Total RNA $O@ rRNA @̲ĒA Ribo-ZeroTM rRNA Removal Kits 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4. Sequence library @Íː 
l fnZ @Íː?ANEBNext® mRNA Library Prep Master Mix 
Set for Illumina®Uɑ 4ƫȚA
https://www.neb.com/~/media/Catalog/All-Products/9CAE5A56D3EB419991119FC6
D3B21158/Datacards%20or%20Manuals/manualE6110.pdf UēɁ/Qʌȶ?
rRNA U̲Ē-4jUǒɅĆ-͒ ǫ̧ cDNA UğƧ/Q¡ǫź cDNA
NPµǫ̧@ DNA library UğƧ-Xut ¿āindex ¿ā̗ÆŝǒɅ
@ŊžˉɷUʙ:sequence library %šƧ/Qǣʗɞ> sequence library Ę̡
U Table 1-2-3 ?ɰ/  
 31 
Table 1-2-3. Yeild summary of samples for RNA-seq. 
 Oxygen addition (min) Oxygen conc. (%) 
Samples Units 0 5 10 30 0 21 
RIN  10 10 10 9.3 9.8 10 
Stoc conc. 
g/l 0.25 0.25 0.25 0.25 0.25 0.25 
Total g 5 5 5 5 5 5 
After rRNA 
elimination 
ng/l ND 22.06 14.82 18.82 10.07 16.49 
Total ng ND 397.08 266.76 338.76 181.26 296.82 
After 
fragentation 
ng/l 1.29 3.38 4.29 13.02 6.26 4.42 
Total ng 19.35 50.7 64.35 195.30 93.90 66.30 
Final 
conc. 
ng/l 6.69 22.30 12.00 27.29 6.01 17.78 




Íː-4 sequence library Uȉ¨Àl fj ͎ Hi-seq illumina ɱ ?͏NPl
 d]nUˉ74Sample AĞ 10 ng <>QN!?˪ː-Ǳ¹̀Ȁőş 12
Ĝ͋ 6 ̴ɏɆ˰ȱg˙ǳpt ?Ñ͆-l fnUˉ7:͂ 4 
 
6. y t˙ǳ 
 l fny t@˙ǳ?A Genomics work bench ver. 6.01͎ CLC bio ɱ U͏
ɑ 4l fny t@ęṔIzeƑ? A. xylanus g?ū-
: {@weUˉ74Ğj@we zUU Table 
1-2-4.?ɰ/Genomics work bench ver.6.01 @ÏɑǔȚA˙ǳ}X?ƒ7
:ˉ74 
 
7. é̗ÆŝɛɌt ?ł9 4dnte˙ǳ 
 ƓOR4˙ǳy tUł? Genomics work bench ver. 6.01 Uɑ :é̗Æŝ@
˺ñt @dnte˙ǳUˣI4dnte?A Euclidean 




Table 1-2-4. Mapping report of every samples. 
  Oxygen conc. (%) Oxygen addition (min) 
  0 21 40 0  5 10 30  
Sequence 
reads 












 Longest read 100 100 100 100 100 100 100 
 paired yes yes yes yes yes yes yes 
         
Mapping 
statistics 






























































Maped rate (%) 77.1 83.0 78.9 66.6 70.3 77.2 78.7 
         
Paired 
reads 






























































 g˙ǳ?:Ġţ-4Àˮʙ˷̭§̗ÆŝA/E: RNA-seq ˙ǳ?#
 : Unique gene reads %ǿö,R4*RNPg;ƽţ-4Àˮ
ʙ˷͎˙ʏʐǺ̝Àˮʴʰ̝ğƧX̝Àˮ͏@ŞĻ%˺ñ;
ɮˡ,R4Ğ̗Æŝ@ Uniqu gene reads < Reads Per Kilobase of exon model per 
Million mapped reads (RPKM)@H<KU Table 1-2-5 ?ɰ/RPKM A̗Æŝɛ




- <úǒ-42*; A. xylanus ?# :td˲ɛɌ (2D)˺ñ ( 
k˙ǳ)@̝ʔ?NQ˦ŭ%ǚO$?,R: Q̗ÆŝʨUƵȅ<-:
RNA-seq ˙ǳʚǵUł?é̗Æŝ@dnt ˙ǳUˉ74ʺīȦ *<
? nox1, prx, pdhBCD ÂƼ/Qdnt UƌƧ-4-$-nox1, prx, pdh 
operon %ų/Qdnt ?̝ʔÀˮD@̭§%ńĨ,R: Q̗ÆŝAŞĻ





Table 1-2-5. Unique gene reads and RPKM of the metabolisc pathways. 
               Unique gene reads RPKM 
Path. ID(AXY_) name Product EC number 0% 21% 0% 21% 
Glycolytic pathway 
   
    
 
13380 ilvE  branched-chain amino acid aminotransferase  EC:2.6.1.42 28023 33367 762.1 992.1 
 
11870 bkdA 
 branched-chain alpha-keto acid dehydrogenase E1 component subunit 
alpha  EC:1.2.4.4 62955 28696 1845.7 919.9 
 
11880 bkdB 
 branched-chain alpha-keto acid dehydrogenase E1 component subunit 
beta  EC:1.2.4.4 73048 35470 2167.6 1150.8 
 
11890 bkdC  branched-chain alpha-keto acid dehydrogenase E2 subunit  EC:2.3.1.168 117244 50475 2764.8 1301.4 
 
16170 pdhD  pyruvate dehydrogenase complex E3 component  EC:1.8.1.4 26319 123297 547.9 2806.2 
 
11860 bkdD  branched-chain alpha-keto acid dehydrogenase E3 subunit  EC:1.8.1.4 62358 35486 1279.0 795.8 
 
2850 aldH  aldehyde dehydrogenase  EC:1.2.1.3 1253 1140 27.0 26.9 
 
13160 AXY_13160  acetyl-CoA acetyltransferaseK00626 acetyl-CoA C-acetyltransferase  EC:2.3.1.9 21925 29148 544.7 791.7 
 
13150 mvaS  hydroxymethylglutaryl-CoA synthase  EC:2.3.3.10 22238 24011 553.8 653.8 
Cytrate cycle 
     
 
9350 citZ  citrate synthase  EC:2.3.3.1 10102 13575 265.1 389.5 
 
13600 citB  aconitate hydratase  EC:4.2.1.3 58145 79716 631.4 946.5 
 
9360 citC  isocitrate dehydrogenase  EC:1.1.1.42 52062 52494 1198.7 1321.6 
 
11860 bkdD  branched-chain alpha-keto acid dehydrogenase E3 subunit  EC:1.8.1.4 62358 35486 1279.0 795.8 
 
18470 fumC  fumarate hydratase class II  EC:4.2.1.2 1368 2186 28.9 50.5 
Pentose phosphate pathway 
     
 
8540 pgi  glucose-6-phosphate isomerase  EC:5.3.1.9 336305 225296 7312.4 5356.1 
 
5930 zwf  glucose-6-phosphate 1-dehydrogenase  EC:1.1.1.49 19293 27203 383.6 591.4 
 
16530 pgl  6-phosphogluconolactonase  EC:3.1.1.31 26817 30925 748.0 943.2 
 
5910 gnd  6-phosphogluconate dehydrogenase  EC:1.1.1.44 58232 59400 1201.9 1340.5 
 
15410 rpe  ribulose-5-phosphate 3-epimerase  EC:5.1.3.1 9198 12603 404.5 606.0 
 
13640 tkt  transketolase  EC:2.2.1.1 67287 68150 986.3 1092.3 
 
20520 rpiB  ribose-5-phosphate isomerase B  EC:5.3.1.6 10581 16976 693.3 1216.2 
 
2600 deoC  deoxyribose-phosphate aldolase  EC:4.1.2.4 3863 4885 173.8 240.3 
 
19560 rbsK  ribokinase  EC:2.7.1.15 13243 11339 445.8 417.4 
 
2570 deoB  phosphopentomutase  EC:5.4.2.7 6212 7503 153.5 202.8 
 
19330 pgm  phosphoglucomutase  EC:5.4.2.2 295844 268349 4979.7 4938.7 
 





 2-keto-4-hydroxyglutarate aldolase/2-keto-3-deoxy-6-phosphogluconate 
aldolase  EC:4.1.3.16 4.1.2.14 489 1340 22.5 67.5 
 
2760 kdgK  2-keto-3-deoxygluconate kinase  EC:2.7.1.45 591 1287 17.8 42.3 
 
20650 fbaA  fructose-bisphosphate aldolase  EC:4.1.2.13 320802 370318 10989.1 13869.8 
 
19490 pfkA  6-phosphofructokinase  EC:2.7.1.11 51887 46769 
  
 
9300 pfkA  6-phosphofructokinase  EC:2.7.1.11 50844 44458 
  
Fatty acid metabolism 
     
 
9290 accA  acetyl-CoA carboxylase carboxyl transferase subunit alpha  EC:6.4.1.2 22621 16358 698.9 552.6 
 
11710 accB  acetyl-CoA carboxylase biotin carboxyl carrier protein  
 
13808 20046 847.8 1345.8 
 
11720 accC  acetyl-CoA carboxylase biotin carboxylase subunit  EC:6.3.4.14 6.4.1.2 73166 71849 1576.8 1693.0 
 
9280 accD  acetyl-CoA carboxylase carboxyl transferase subunit beta  EC:6.4.1.2 21788 16091 736.0 594.3 
 
15330 fabD  malonyl CoA-acyl carrier protein transacylase  EC:2.3.1.39 54481 32936 1704.8 1126.8 
 
18030 fabF  3-oxoacyl-ACP synthase  EC:2.3.1.179 75395 39650 1777.9 1022.3 
 
18040 fabH  3-oxoacyl-ACP synthase  EC:2.3.1.180 18663 25066 585.9 860.3 
 
15320 fabG  3-oxoacyl-ACP reductase  EC:1.1.1.100 61366 33530 2406.0 1437.4 
 
20360 fabZ  beta-hydroxyacyl- KO:K02372 12628 12168 880.6 927.8 
 
17770 fabI  enoyl-(acyl carrier protein) reductase  EC:1.3.1.10 1.3.1.9 68171 43243 2559.7 1775.3 
Prine metabolism 
     
 
11970 nudF  ADP-ribose pyrophosphatase  EC:3.6.1.13 2969 2718 160.1 160.3 
 
2570 deoB  phosphopentomutase  EC:5.4.2.7 6212 7503 153.5 202.8 
 
19330 pgm  phosphoglucomutase  EC:5.4.2.2 295844 268349 4979.7 4938.7 
 
540 prs  ribose-phosphate pyrophosphokinase  EC:2.7.6.1 107546 86330 
  
 
4330 purF  amidophosphoribosyltransferase  EC:2.4.2.14 21046 111201 433.5 2504.2 
 
4370 purD  phosphoribosylamine--glycine ligase  EC:6.3.4.13 31036 120185 726.6 3076.5 
 
4350 purN  phosphoribosylglycinamide formyltransferase  EC:2.1.2.2 10409 58958 515.8 3194.6 
 
4300 purS  phosphoribosylformylglycinamidine synthase subunit PurS  EC:6.3.5.3 3735 20424 434.1 2595.4 
 
4310 purQ  phosphoribosylformylglycinamidine synthase I  EC:6.3.5.3 10901 56718 470.9 2678.9 
 
4320 purL  phosphoribosylformylglycinamidine synthase II  EC:6.3.5.3 49685 235042 652.8 3376.7 
 
4340 purM  phosphoribosylformylglycinamidine cyclo-ligase  EC:6.3.3.1 17047 100506 485.2 3127.8 
 
4270 purK  phosphoribosylaminoimidazole carboxylase ATPase subunit  EC:6.3.4.18 15273 80868 398.7 2308.1 
 
4260 purE  phosphoribosylaminoimidazole carboxylase catalytic subunit  EC:5.4.99.18 3261 18653 194.1 1214.1 
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4290 purC  phosphoribosylaminoimidazolesuccinocarboxamide synthase  EC:6.3.2.6 24452 64918 1007.2 2923.9 
 
4280 purB  adenylosuccinate lyase  EC:4.3.2.2 45117 185283 1019.6 4578.2 
 
4360 purH 
 phosphoribosylaminoimidazolecarboxamide formyltransferase/IMP 
cyclohydrolase  EC:3.5.4.10 2.1.2.3 31089 154611 595.1 3236.0 
 
10480 apt  adenine phosphoribosyltransferase  EC:2.4.2.7 17958 18300 1019.3 1135.7 
 
2580 punA  purine nucleoside phosphorylase  EC:2.4.2.1 4914 6365 176.4 249.8 
 
8500 deoD  purine nucleoside phosphorylase  EC:2.4.2.1 9098 10321 370.1 459.0 
 
810 hprT  hypoxanthine-guanine phosphoribosyltransferase  EC:2.4.2.8 9414 16585 507.8 978.1 
 
90 guaB  inosine-5'-monophosphate dehydrogenase  EC:1.1.1.205 100911 40468 2006.4 879.8 
 
3960 xpt  xanthine phosphoribosyltransferase  EC:2.4.2.22 1711 31631 86.5 1749.4 
 
3930 guaA  GMP synthase  EC:6.3.5.2 15950 48060 304.1 1002.0 
 
17100 guaC  GMP reductase  EC:1.7.1.7 13784 189491 411.5 6185.6 
 
15500 gmk  guanylate kinase  EC:2.7.4.8 10868 14525 512.6 749.0 
 
9310 pykA  pyruvate kinase  EC:2.7.1.40 214773 193132 3565.9 3506.0 
 
13080 nrdE  ribonucleoside-diphosphate reductase subunit alpha  EC:1.17.4.1 37613 110370 501.6 1609.5 
 
13090 nrdF  ribonucleoside-diphosphate reductase subunit beta  EC:1.17.4.1 20943 64288 608.5 2042.4 
 
23180 nrdD  anaerobic ribonucleoside-triphosphate reductase  EC:1.17.4.2 24498 8086 329.4 118.9 
 
1500 rpoA  DNA-directed RNA polymerase subunit alpha  EC:2.7.7.6 68257 88002 2115.5 2982.1 
 
1150 rpoB  DNA-directed RNA polymerase subunit beta  EC:2.7.7.6 163078 126583 1351.5 1147.0 
 
1160 rpoC  DNA-directed RNA polymerase subunit beta'  EC:2.7.7.6 151814 140721 1225.9 1242.4 
 
20680 rpoE  DNA-directed RNA polymerase subunit delta  
 
20907 22550 1091.5 1287.2 
 
15490 rpoZ  DNA-directed RNA polymerase subunit omega  EC:2.7.7.6 5691 6512 782.5 979.0 
 
9390 polA  DNA polymerase I  EC:2.7.7.7 23947 23788 265.4 288.2 
 
9260 dnaE  DNA polymerase III subunit alpha  EC:2.7.7.7 14633 13059 129.5 126.4 
 
14630 polC  DNA polymerase III PolC-type  EC:2.7.7.7 50817 41364 347.2 309.0 
 
20 dnaN  DNA polymerase III subunit beta  EC:2.7.7.7 18769 37636 480.9 1054.4 
 
190 dnaX  DNA polymerase III subunit tau  EC:2.7.7.7 16929 17658 292.5 333.6 
 
10910 holA  DNA polymerase III subunit delta  EC:2.7.7.7 2895 3492 82.9 109.3 
 
330 holB  DNA polymerase III subunit delta'  EC:2.7.7.7 8097 9619 240.3 312.1 
 
10490 relA  GTP pyrophosphokinase  EC:2.7.6.5 30483 20050 407.7 293.2 
 
23840 purA  adenylosuccinate synthetase  EC:6.3.4.4 21107 155122 478.1 3841.8 
 
21320 ade  adenine deaminase  EC:3.5.4.2 57357 94093 942.7 1690.9 
 
1440 adk  adenylate kinase  EC:2.7.4.3 66570 71400 2995.0 3512.2 
 
14520 pnp  polyribonucleotide nucleotidyltransferase  EC:2.7.7.8 104895 69737 1450.5 1054.4 
 
3570 arcC  carbamate kinase  EC:2.7.2.2 3769 3172 118.3 108.9 
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Pyrimidine metabolism 
     
 
15630 pyrB  aspartate carbamoyltransferase  EC:2.1.3.2 143267 81715 4482.9 2795.7 
 
15620 pyrC  dihydroorotase  EC:3.5.2.3 170178 90221 3872.7 2244.9 
 
15600 pyrD  dihydroorotate dehydrogenase catalytic subunit  EC:1.3.1.14 107716 56295 3447.9 1970.2 
 
15610 pyrK  dihydroorotate dehydrogenase electron transfer subunit  
 
114035 54769 4348.8 2283.7 
 
15580 pyrE  orotate phosphoribosyltransferase  EC:2.4.2.10 57617 36037 2717.4 1858.3 
 
15590 pyrF  orotidine 5'-phosphate decarboxylase  EC:4.1.1.23 70591 41089 2932.6 1866.4 
 
12290 cmk  cytidylate kinase  EC:2.7.4.14 7533 9161 324.0 430.8 
 
14690 pyrH  uridylate kinase  EC:2.7.4.22 55859 41833 2262.8 1852.9 
 
14520 pnp  polyribonucleotide nucleotidyltransferase  EC:2.7.7.8 104895 69737 1450.5 1054.4 
 
20670 pyrG  CTP synthase  EC:6.3.4.2 88737 75920 1625.4 1520.4 
 
1500 rpoA  DNA-directed RNA polymerase subunit alpha  EC:2.7.7.6 68257 88002 2115.5 2982.1 
 
1150 rpoB  DNA-directed RNA polymerase subunit beta  EC:2.7.7.6 163078 126583 1351.5 1147.0 
 
1160 rpoC  DNA-directed RNA polymerase subunit beta'  EC:2.7.7.6 151814 140721 1225.9 1242.4 
 
20680 rpoE  DNA-directed RNA polymerase subunit delta  
 
20907 22550 1091.5 1287.2 
 
15490 rpoZ  DNA-directed RNA polymerase subunit omega  EC:2.7.7.6 5691 6512 782.5 979.0 
 
9390 polA  DNA polymerase I  EC:2.7.7.7 23947 23788 265.4 288.2 
 
9260 dnaE  DNA polymerase III subunit alpha  EC:2.7.7.7 14633 13059 129.5 126.4 
 
14630 polC  DNA polymerase III PolC-type  EC:2.7.7.7 50817 41364 347.2 309.0 
 
20 dnaN  DNA polymerase III subunit beta  EC:2.7.7.7 18769 37636 480.9 1054.4 
 
190 dnaX  DNA polymerase III subunit tau  EC:2.7.7.7 16929 17658 292.5 333.6 
 
10910 holA  DNA polymerase III subunit delta  EC:2.7.7.7 2895 3492 82.9 109.3 
 
330 holB  DNA polymerase III subunit delta'  EC:2.7.7.7 8097 9619 240.3 312.1 
 
20500 upp  uracil phosphoribosyltransferase  EC:2.4.2.9 169498 102647 7879.8 5217.6 
 
15650 pyrR  pyrimidine operon regulatory protein/uracil phosphoribosyltransferase  EC:2.4.2.9 36051 64071 1902.5 3696.8 
 
2560 pdp  pyrimidine nucleoside phosphorylase  EC:2.4.2.2 5120 5138 115.2 126.4 
 
6900 trxB  thioredoxin reductase  EC:1.8.1.9 17339 18967 534.0 638.7 
 
23180 nrdD  anaerobic ribonucleoside-triphosphate reductase  EC:1.17.4.2 24498 8086 329.4 118.9 
 
13080 nrdE  ribonucleoside-diphosphate reductase subunit alpha  EC:1.17.4.1 37613 110370 501.6 1609.5 
 
13090 nrdF  ribonucleoside-diphosphate reductase subunit beta  EC:1.17.4.1 20943 64288 608.5 2042.4 
 
9550 dut  deoxyuridine 5'-triphosphate nucleotidohydrolase  EC:3.6.1.23 3275 3757 214.6 269.2 
 
12820 thyA  thymidylate synthase  EC:2.1.1.45 9887 16638 301.6 555.0 
 
2590 cdd  cytidine deaminase  EC:3.5.4.5 2214 2896 153.3 219.2 
2580 punA  purine nucleoside phosphorylase  EC:2.4.2.1 4914 6365 176.4 249.8 
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8500 deoD  purine nucleoside phosphorylase  EC:2.4.2.1 9098 10321 370.1 459.0 
 
10890 comEB  competence protein ComEB  EC:3.5.4.12 1222 1853 78.5 130.1 
 
20600 tdk  thymidine kinase  EC:2.7.1.21 863 1457 42.3 78.2 
 
300 tmk  thymidylate kinase  EC:2.7.4.9 5323 5097 247.5 259.1 
Alanine, asparate and glutamate metabolism 
     
 
12650 AXY_12650   aspartate aminotransferase  K00812 aspartate aminotransferase  EC:2.6.1.1 24638 24277 
  
 
8560 AXY_08560   
asparagine synthetase  K01953 asparagine synthase 
(glutamine-hydrolysing)  EC:6.3.5.4 1787 1751 
  
 
22050 ald  alanine dehydrogenase  EC:1.4.1.1 31171 38177 820.3 1098.4 
 
23840 purA  adenylosuccinate synthetase  EC:6.3.4.4 21107 155122 478.1 3841.8 
 
4280 purB  adenylosuccinate lyase  EC:4.3.2.2 45117 185283 1019.6 4578.2 
 
15630 pyrB  aspartate carbamoyltransferase  EC:2.1.3.2 143267 81715 4482.9 2795.7 
 
4420 AXY_04420    glutamine synthetaseK01915 glutamine synthetase  EC:6.3.1.2 2690 1274 
  
 
4410 glmS  glucosamine-6-phosphate synthase  EC:2.6.1.16 2020 1436 32.3 25.1 
 
4330 purF  amidophosphoribosyltransferase  EC:2.4.2.14 21046 111201 433.5 2504.2 
Glycine, serine and threonine metabolism 
     
 
11850 AXY_11850 aspartokinase  K00928 aspartate kinase  EC:2.7.2.4 37838 37994 819.1 899.2 
 
14460 dapG  aspartokinase  EC:2.7.2.4 61652 55474 1486.2 1462.1 
 
14470 asd  aspartate-semialdehyde dehydrogenase  EC:1.2.1.11 57887 53830 1624.0 1651.1 
 
8400 hom  homoserine dehydrogenase  EC:1.1.1.3 23004 29549 521.1 731.8 
 
8420 thrB  homoserine kinase  EC:2.7.1.39 17940 15158 595.7 550.3 
 
8410 thrC  threonine synthase  EC:4.2.3.1 25775 28076 710.8 846.6 
 
20510 glyA  serine hydroxymethyltransferase  EC:2.1.2.1 116962 143947 2771.5 3729.5 
 
21790 serC  phosphoserine aminotransferase  EC:2.6.1.52 31872 43204 864.3 1281.0 
 
23920 serA  D-3-phosphoglycerate dehydrogenase  EC:1.1.1.95 42689 51864 787.8 1046.5 
 
12910 AXY_12910 
phosphoglycerate mutase family protein K01834 
2,3-bisphosphoglycerate-dependent phosphoglycerate mutase  EC:5.4.2.11 14755 12867 787.2 750.5 
 
23010 AXY_23010 
phosphoglycerate mutase family protein  K01834 
2,3-bisphosphoglycerate-dependent phosphoglycerate mutase  EC:5.4.2.11 9601 9508 490.7 531.4 
 
18350 gpmI  2,3-bisphosphoglycerate-independent phosphoglycerate mutase  EC:5.4.2.12 93751 126886 1787.6 2645.4 
 
5190 AXY_05190 oxidoreductase  K00018 glycerate dehydrogenase  EC:1.1.1.29 6727 9104 205.2 303.7 
 
16170 pdhD  pyruvate dehydrogenase complex E3 component  EC:1.8.1.4 26319 123297 547.9 2806.2 
 
11860 bkdD  branched-chain alpha-keto acid dehydrogenase E3 subunit  EC:1.8.1.4 62358 35486 1279.0 795.8 
 
13340 ilvA  threonine dehydratase  EC:4.3.1.19 26218 28574 609.4 726.2 
 
21060 trpA  tryptophan synthase subunit alpha  EC:4.2.1.20 736 1130 27.4 46.0 
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21070 trpB  tryptophan synthase subunit beta  EC:4.2.1.20 1249 1646 30.3 43.6 
Cystein and methionine metabolism 
     
 
1010 cysE  serine acetyltransferase  EC:2.3.1.30 3745 3644 166.9 177.6 
 
860 cysK  cysteine synthase  EC:2.5.1.47 209983 115305 6655.9 3996.1 
 
8520 patB  cystathionine beta-lyase  EC:4.4.1.8 24563 21153 614.9 579.0 
 
8310 metE  5-methyltetrahydropteroyltriglutamate/homocysteine S-methyltransferase  EC:2.1.1.14 2452 6209 31.5 87.3 
 
8620 metK  S-adenosylmethionine synthase  EC:2.5.1.6 11110 15757 271.2 420.5 
 
10770 mtnN  5'-methylthioadenosine/S-adenosylhomocysteine nucleosidase  EC:3.2.2.9 14524 7967 616.5 369.7 
 
18850 AXY_18850 hypothetical protein K00558 DNA (cytosine-5)-methyltransferase 1  EC:2.1.1.37 164 261 10.3 18.0 
 
14060 AXY_14060 modification methylase  K00558 DNA (cytosine-5)-methyltransferase 1  EC:2.1.1.37 10287 17408 240.8 445.6 
 
18620 luxS  S-ribosylhomocysteine lyase  EC:4.4.1.21 5794 5079 364.9 349.8 
 
11850 AXY_11850 aspartokinase K00928 aspartate kinase  EC:2.7.2.4 37838 37994 819.1 899.2 
 
14460 dapG  aspartokinase  EC:2.7.2.4 61652 55474 1486.2 1462.1 
 
14470 asd  aspartate-semialdehyde dehydrogenase  EC:1.2.1.11 57887 53830 1624.0 1651.1 
 
8400 hom  homoserine dehydrogenase  EC:1.1.1.3 23004 29549 521.1 731.8 
 
16750 metA  homoserine O-succinyltransferase  EC:2.3.1.46 6376 12301 206.1 434.8 
 
19840 AXY_19840 
cystathionine gamma-synthase/O-acetylhomoserine (thiol)-lyase K01739 
cystathionine gamma-synthase  EC:2.5.1.48 1466 2356 39.1 68.7 
 
20900 metY  O-acetylhomoserine (thiol)-lyase  EC:2.5.1.49 19062 32211 332.3 614.0 
 
12650 AXY_12650 aspartate aminotransferase K00812 aspartate aminotransferase  EC:2.6.1.1 24638 24277 608.9 656.1 
Valine, leucine and isoleucine biosynthesis 
     
 
13340 ilvA  threonine dehydratase  EC:4.3.1.19 26218 28574 609.4 726.2 
 
16500 leuC  3-isopropylmalate dehydratase large subunit  EC:4.2.1.35 4.2.1.33 47064 63386 979.7 1442.7 
 
16510 leuD  3-isopropylmalate dehydratase small subunit  EC:4.2.1.35 4.2.1.33 20821 26195 1031.8 1419.4 
 
16490 leuB  3-isopropylmalate dehydrogenase  EC:1.1.1.85 21459 32628 581.9 967.4 
 
16450 ilvB  acetolactate synthase large subunit  EC:2.2.1.6 43158 71093 732.8 1319.8 
 
16460 ilvN  acetolactate synthase small subunit  EC:2.2.1.6 15043 21099 839.2 1287.0 
 
16470 ilvC  ketol-acid reductoisomerase  EC:1.1.1.86 46394 66448 1312.8 2055.9 
 
17500 AXY_17500    dihydroxy-acid dehydratase  EC:4.2.1.9 16481 13098 
  
 
23140 AXY_23140    dihydroxy-acid dehydratase  EC:4.2.1.9 21205 23789 
  
 
13380 ilvE  branched-chain amino acid aminotransferase  EC:2.6.1.42 28023 33367 762.1 992.1 
 
16480 leuA  2-isopropylmalate synthase  EC:2.3.3.13 45465 57808 872.0 1212.3 
Lysine biosynthesis 
      
 
8400 hom  homoserine dehydrogenase  EC:1.1.1.3 23004 29549 521.1 731.8 
 
11850 AXY_11850 aspartokinase K00928 aspartate kinase  EC:2.7.2.4 37838 37994 819.1 899.2 
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14460 dapG  aspartokinase  EC:2.7.2.4 61652 55474 1486.2 1462.1 
 
14470 asd  aspartate-semialdehyde dehydrogenase  EC:1.2.1.11 57887 53830 1624.0 1651.1 
 
14450 dapA  dihydrodipicolinate synthase  EC:4.3.3.7 56083 44005 1881.5 1614.2 
 
12560 dapB  dihydrodipicolinate reductase  EC:1.17.1.8 10660 9717 388.3 387.0 
 
12070 lysA  diaminopimelate decarboxylase  EC:4.1.1.20 4155 11254 93.7 277.4 
 




ligase  EC:6.3.2.13 6941 10294 137.7 223.3 
 
15900 murF  UDP-N-acetylmuramoyl-tripeptide--D-alanyl-D-alanine ligase  EC:6.3.2.10 8859 10598 192.2 251.4 
Arginene and proline metabolism 
     
 
2850 aldH  aldehyde dehydrogenase  EC:1.2.1.3 1253 1140 27.0 26.9 
 
19810 AXY_19810  amidase K01426 amidase  EC:3.5.1.4 19730 13004 388.3 279.9 
 
16630 proC  pyrroline-5-carboxylate reductase  EC:1.5.1.2 2753 4356 99.2 171.6 
 
13370 proB  glutamate 5-kinase  EC:2.7.2.11 2139 3082 55.8 88.0 
 
13360 proA  gamma-glutamyl phosphate reductase  EC:1.2.1.41 5843 7496 137.1 192.3 
 
12650 AXY_12650 aspartate aminotransferase K00812 aspartate aminotransferase  EC:2.6.1.1 24638 24277 608.9 656.1 
 
2750 kdgA 
 2-keto-4-hydroxyglutarate aldolase/2-keto-3-deoxy-6-phosphogluconate 
aldolase  EC:4.1.3.16 4.1.2.14 489 1340 22.5 67.5 
 
3140 argF  ornithine carbamoyltransferase  EC:2.1.3.3 831 282 25.8 9.6 
 
4420 AXY_04420 glutamine synthetase K01915 glutamine synthetase  EC:6.3.1.2 2690 1274 41.5 21.5 
 
3570 arcC  carbamate kinase  EC:2.7.2.2 3769 3172 118.3 108.9 
 
21600 argJ  glutamate N-acetyltransferase/amino-acid N-acetyltransferase  EC:2.3.1.1 2.3.1.35 736 466 17.5 12.1 
 
21590 argB  acetylglutamate kinase  EC:2.7.2.8 574 406 21.3 16.5 
 
21610 argC  N-acetyl-gamma-glutamyl-phosphate reductase  EC:1.2.1.38 424 272 12.0 8.4 
 
21580 argD  acetylornithine aminotransferase  EC:2.6.1.11 946 748 23.6 20.4 
Histidine metabolism 
       
 
13460 hisG  ATP phosphoribosyltransferase  EC:2.4.2.17 4353 1306 206.3 67.7 
 
13470 hisZ  ATP phosphoribosyltransferase regulatory subunit  
 
6611 2069 174.9 59.9 
 
13410 hisIE 
 phosphoribosyl-AMP cyclohydrolase/phosphoribosyl-ATP 




imidazole-4-carboxamide isomerase  EC:5.3.1.16 2984 1374 122.4 61.6 
 
13420 hisF  imidazole glycerol phosphate synthase subunit HisF  EC:4.1.3.- 1602 774 61.3 32.4 
 
13440 hisB  imidazoleglycerol-phosphate dehydratase  EC:4.2.1.19 2802 1149 138.9 62.3 
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12460 hisC  histidinol-phosphate aminotransferase  EC:2.6.1.9 40545 35389 1078.6 1029.3 
 
3750 AXY_03750 histidinol-phosphatase K04486 histidinol-phosphatase (PHP family)  EC:3.1.3.15 2078 2006 75.4 79.6 
 
13480 hisJ  histidinol-phosphatase  EC:3.1.3.15 2453 2450 89.0 97.2 
 
13450 hisD  histidinol dehydrogenase  EC:1.1.1.23 9509 3898 216.4 97.0 
 
2850 aldH  aldehyde dehydrogenase  EC:1.2.1.3 1253 1140 27.0 26.9 
Phenylalanine, tyrosine and tryptophan biosynthesis 
     
 
9030 aroA  3-deoxy-7-phosphoheptulonate synthase  EC:5.4.99.5 2.5.1.54 53042 91122 1458.7 2739.9 
 
12440 aroB  3-dehydroquinate synthase  EC:4.2.3.4 36860 29842 999.6 884.8 
 
21120 AXY_21120 hypothetical protein K11646 3-dehydroquinate synthase II  EC:1.4.1.24 2154 2010 114.9 117.2 
 
18170 aroD  3-dehydroquinate dehydratase  EC:4.2.1.10 10269 11640 
  
 
10820 aroD  shikimate dehydrogenase  EC:1.1.1.25 2076 5776 
  
 
11520 aroK  shikimate kinase  EC:2.7.1.71 1403 901 83.0 58.3 
 
12480 aroE  3-phosphoshikimate 1-carboxyvinyltransferase  EC:2.5.1.19 46503 41242 1053.4 1021.4 
 
12430 aroF  chorismate synthase  EC:4.2.3.5 50133 40747 1258.2 1118.1 
 
21110 trpE  anthranilate synthase component I  EC:4.1.3.27 986 1210 20.9 28.0 
 
21100 trpD  anthranilate phosphoribosyltransferase  EC:2.4.2.18 705 683 20.5 21.8 
 
21080 trpF  N-(5'-phosphoribosyl)anthranilate isomerase  EC:5.3.1.24 319 474 15.4 25.0 
 
21090 trpC  indole-3-glycerol phosphate synthase  EC:4.1.1.48 527 800 20.1 33.4 
 
21060 trpA  tryptophan synthase subunit alpha  EC:4.2.1.20 736 1130 27.4 46.0 
 
21070 trpB  tryptophan synthase subunit beta  EC:4.2.1.20 1249 1646 30.3 43.6 
 
12450 aroH  chorismate mutase  EC:5.4.99.5 9837 9183 780.8 796.9 
 
10280 pheB  ACT domain-containing protein PheB  EC:5.4.99.5 3304 3532 215.0 251.3 
 
12470 tyrA  prephenate dehydrogenase  EC:1.3.1.12 35354 30985 940.5 901.2 
 
10290 pheA  prephenate dehydratase  EC:4.2.1.51 6299 6574 214.3 244.5 
 
12650 AXY_12650 aspartate aminotransferase K00812 aspartate aminotransferase  EC:2.6.1.1 24638 24277 608.9 656.1 





Figure 1-2-5. Whole genes heat map and cluster map based on whole transcriptional expression 





























ǫʀ;Ag˙ǳRNA-seq˙ǳUɑ : A. xylanusʏÀˮǺ̝Àˮ
ʴʰ̝ÀˮX̝Àˮʙ˷U˺ñ;@ŞĻUǚO$?-4ĬĦ̧@
Ⱦ A. xylanusA]~c ɏɐU˙ʏʐ̝Àˮ?ÑŞ-: Q4K
ǫÀˮʙ˷A RNA-sq˙ǳ?ā" k˙ǳ;ɮˡ-4*RO@ʚǵA*
RH;?ɏĆşɞ>ť͌?NPƽţ-: 4Àˮʙ˷Uǅƴ/Qʚǵ<˛"Q 
*RH;@ɪɻNP A. xylanus @ŕȒÀˮANox-Prx system, PDH complex, 
SOD %̟˓;Q*<Uƽţ-: Q*@ª;̝ʔÀˮḒ§/Q@A
Nox-Prx < SOD ;Qg˙ǳ?NPNox-Prx < SOD Áŏ;̝ʔÀˮD
@̭§ńĨ@Q̗Æŝ<-:dps, fer, fdxA, nox2, trxA, trxB, yumC@ŞĻ%˔ 
5,R4ª;L fer, fdxA, trxA, trxB, yumC@̝ʔ?NQ˺ñ˦ŭ%˗Ū,R4*
<$O*RO̗Æŝ@̝ʔÀˮʙ@̭§%ƽŪ,RQ*RO@̜ʔ̗ÆŝÁ
ŏ;@̝ʔÀˮ?̭§/Q̜ʔ̗Æŝ@ƻʕ@Ƚ?ŜȒŁ͊̇ª?̝ʔȨā-
0, 5, 10, 30 min;̹ˀ-4ˀÌ$O mRNAUƯö-RNA-seq˙ǳ?Ð-4Ɠ
OR4y tUł?é̗Æŝ@dnt ˙ǳUˣI4<*Snox1, prx, 
pdhBCD, sodAÂƼ/Qdnt ?÷͉,R4ǫdnt AŕȒÀˮ?̭
§/Q*<%ɰİ,RQǫdnt î?A AXY_22150,14340, ftsH, secY, ptsI, 
rpoA%÷͉,R4*ROtd̗Æŝ@ȇʳU Table 1-2-6?ɰ/ 
 





AXY_22150 — ribonucleotide reductase 
AXY_14340 — hypothetical protein 
AXY_00820 ftsH ATP-dependent protease FtsH 
AXY_01430 secY preprotein translocase SecY subunit 
AXY_18290 ptsI phosphoenolpyruvate-protein phosphotransferase 
AXY_01500 rpoA DNA-directed RNA polymerase subunit alpha  













RNA-seq Uɑ 4˙ǳ@ʚǵAmphibacillus xylanus @̝ʔÀˮ̜ʔ<-:*




¡ʻ?ɏÌî?#(Q (FAD, FMN, Riboflavin)Atd˲<ʚğ-
4ƌ;ŞĻ-: Q<,Rtd˲̿ʚğĿ (̻̏) @ɏ
ɍɞ>ƠʩɏÌʖʲî;@ŞĻA¦ǚ;74-$-̂Ɓɪɻ?# :
̻̏%̭§/Qėƚʐ%ńĨ,R88Q[16-20]A. xylanus ?# :
¬˓>̝ʔÀˮ̜ʔ;Q<ƽţ,RQ Nox A̝ ʔ?ū/Q km Ý% 1.7 mM ɷ
ƅ;Q*RA¡ʻɞ>ŕȒƝˀ@¬˓>̝ÀˮˑğÌ;QĬĦ̧@̝ʔD
@ km Ý% 1M Á¥;Q*<<ȏEQ< 1,000 ÜÁ¤͍ ̐ Ē@ɪɻ?Ǖ 















1-1. GY Łļ@˪ː 
ʂ¡ʀ ʂµʉ ʂ¡̓?Ȳ.: GY ŁļU˪ː/Q 
 
2-1. LB Łļ@˪ː 





Table 2-1-1. Compositions of LB medium. 
 Regent Percentage (%)  g / ℓ 
Bacto trypton (DIFICO) 1.00 
 
10 
Yeast Extract (DEFICO) 0.50 
 
5 
NaCl 0.50   5 
 
3-1. GYP Łļ@˪ː 
 Á¥@ˣ˄U˪ː/Q 
 
  Salt solution   
FeSo47H2O   0.2 % 
MgSO47H2O   4.0 % 
MnSO45H2O   0.2 % 
NaCl     0.2 % 
 
Tween 80 solution  
Tween80    5.0 % 
 
˪ǎ-4ˣ˄Uɑ : Table 2-1-2 ?Ȳ.:ˣ˄U˪ǎ-121
20 min _ zd /Q  
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Table 2-1-2. Compositions of GYP medium. 
 Regent Percentage (%) 
 




Yeast Extract (DIFICO) 1.00 
 
10 
Polypepton  0.50 
 
5 
Beef Extract 0.20 

2 
Tween 80 solution 1.0 (ml) 

10 
Solt solution 0.5 (ml) 

5 






1-2. A. xylanus @Ł͊ 
ʲŝɈƣ;Êȭ×Ş-:Q A. xylanus U 10 m @ŜȒ GY Łļ 
( Table 1-4. ) ? 1 mǾˀ- 39.5 , 8 h ̾ʦŁ͊;ˀU˳*-Ġ
ŁļUɑ : 100 m / 500 ml £˘nh, lhǸ͎ýŁ͊ ͏ 1 
 / 5 £˘nh, ǼǸ͎ǫŁ͊͏<nf Xw-Ł͊Uˉ7
41 Ł͊;AŕȒǮÃ͎150 rpm͏;Ł͊-ǾˀAýŁ͊Łļ?
ū-: 1 / 100 ̡UǫŁ͊Łļ?ū-:A 1 / 10 ;ˉ74ɏʱǠ
ʡU Figure 2-1-1 ?ɰ/O.D.660 1.0 ¿̂;é̡U 8,000 rpm 3 min 
RT͎ BECKMAN AvantiTM HP-25 Roter ID JA10.5 ;͏ʔǘ'̹ˀ-4
̹ˀƑpH 9.7 50 mM CO3 buffer͎50mM Na2CO3< 50 mM NaHCO3
Uȧğ- pH U˪ǎ/Q͏?: 1 ĶˀÌU[^wl-4 
 
2-2. Escherichia coli JM 109͎E. coli͏@Ł͊ 
-80 ?:ep nzwd-:Q E. coli U 1 ɝ̢{
LB Łļ?Ǿˀ-37 ;ˀU˳*-ĠŁļUɑ : 100 m / 500 
ml £˘nh, lhǸ͎ ýŁ͊ ͏ 1  / 5 £˘nh, ǼǸ
͎ǫŁ͊͏<nf Xw-Ł͊Uˉ741 Ł͊;AŕȒǮÃ
͎150 rpm͏;Ł͊-ǾˀAýŁ͊Łļ?ū-: 1 / 100 ̡UǫŁ
͊Łļ?ū-:A 1 / 10 ;ˉ74ɏʱǠʡU Figure 2-1-1 ?ɰ/
O.D.660 1.0 ¿̂;é̡U 8,000 rpm 3 min RT͎ BECKMAN AvantiTM 
HP-25 Roter ID JA10.5 ͏;ʔǘ'̹ˀ-4̹ˀƑ pH 7.0 50 mM 
Na-pi buffer ; 1 ĶˀÌU[^wl-4 
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3-2. Lactobacillus plantarum WCSF1͎L. plan.͏@Ł͊ 
nt?:×Ş-:Q L. plan. U 3ɝ̢ʮ GYP Łļ?Ǿˀ-
37 ;ˀU˳*-ĠŁļUɑ : 100 m / 500 ml£˘nh,
lhǸ͎ýŁ͊ ͏ 1  / 5 £˘nh, ǼǸ͎ǫŁ͊͏<nf
 Xw-Ł͊Uˉ741 Ł͊;AŕȒǮÃ͎150 rpm͏;Ł͊
-ǾˀAýŁ͊Łļ?ū-: 1 / 100 ̡UǫŁ͊Łļ?ū-:A
1 / 10;ˉ74ɏʱǠʡU Figure 2-1-1?ɰ/O.D.660 1.0 ¿̂
;é̡U 8,000 rpm 3 min RT͎BECKMAN AvantiTM HP-25 Roter ID 





















Figure 2-1-1. Growth curve of Amphibacillus xylanus, Eschirichia coli and 
Lactobacillus plantarum cultured under aerobic conditions. 
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3. ȰˀÌÍː 
 ̹ˀ-4ˀÌUĞ buffer ?ȳ$-̡̓̕Ɨʈ͎JLA 25.5 ɑ͏?÷Ȝ
/Q20,000 rpm 20 min 4͎ Beckman AvantiTM HP-25 Roter ID JLA 25.5͏
;@̓Ɨʵȓ̡̟Ȯţ˲̡wzUʥP̃-ȫů̡%¡ţ?
>QH;ˉ!̡̟ȫů%¡ţ<>74ǜȼ;ɣ̂@ 3 ȼ@̂ÈʡUƈ
&wze@ y ˻<@¸ȼUȰˀÌ̡̟<-4 
 
4. ²ɄˀÌ@Íː 
 Íː-4ȰˀÌU²Ƀȇ͎Drying Oven DS600 YAMATO ɱ͏?NP











ȳŞ̝ʔ@ǿö?A YSI MODEL 5300 Biological oxygen monitor͎YSI
ɱ ͏h u A Unicorder U-228͎PANTONS ɱ͏Uɑ 4[^wl
?ɑ 4Łļ?ʗȹƅ 1 %͎g/͏<>QN!? glucose͎wako ¡ʓ͏
Uȳ˙/Qglucoseȳ˙ bufferUȮţȭƅ;ɼȒU 15 mine-
˙ǇǮÃ; 15 min ̾ʦ/Qe̾ʦƑ@ buffer UȮţp?
Ȝè-ȳŞ̝ʔÝ@ŠţĆUƐ8ŠţUɮ˥ƑȜè buffer ̡?ū-





 ĬĦUȈŖ-4±̝ˀ%Ê ̝ʔÀˮȠƝUɰ/@?ū-:A. 
xylanusAĬĦ̧Uǥ/Qőʶˀ<Ġʄ>̝ʔĦĘȠƝUǥ/Q*<%˔


































































1. GY Łļ@Íː 
 ʂ¡ʀ ʂµʉ ʂ¡̓?Ȳ.: GY ŁļU˪ː/Q 
 
2. A. xylanus @Ł͊ 
 ʲŝɈƣ;Êȭ×Ş-:Q A. xylanus U 10 m @ŜȒ GY Łļ 
( Table 1-4. ) ? 1 mǾˀ- 39.5 , 8 h ̾ʦŁ͊;ˀU˳*-ĠŁļ
Uɑ : 100 m / 500 ml £˘nh, lhǸ͎ýŁ͊ ͏ 1  / 5 
£˘nh, ǼǸ͎ǫŁ͊͏<nf Xw-Ł͊Uˉ741 Ł
͊;AŕȒǮÃ͎150 rpm͏;Ł͊-ǾˀAýŁ͊Łļ?ū-: 1 / 100 
̡UǫŁ͊Łļ?ū-:A 1 / 10 ;ˉ74ɏʱǠʡU Figure 2-1-1 ?
ɰ/O.D.660 1.0 ¿̂;é̡U 8,000 rpm 3 min 4 ͎BECKMAN 
AvantiTM HP-25 Roter ID JA10.5 ͏;ʔǘ'̹ˀ-4̹ˀƑpH 7.0 50 
mM Na-pi buffer ?: 3 ĶˀÌU[^wl-4[^wlƑˀÌ̡U
Ȯţ-ˀÌ̡?ū-: 2 Ü̡@ Na-pi buffer ;Ʀȸ-4ƦȸƑˀÌU







1-1. French Press ?NQɬɫ 
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×ŞˀÌUˈ˙-ˀ ̡?ū-:4Ü̡@pH 7.0 50 mM Na-pi buffer
;Ʀȸ/QFrench Press 30,000 psi (AMICON ɱ) Uɑ : 130 psi
͎kg/cm3͏ ǮÃ;ɬɫ-41 Ķ@p̈̐ȍ?òĐ-;&Q̰
PÊȭU×6>%Oˉ74ɬɫp̈̐ȍ?je-4
ɬɫȥU 15,000 rpm 5 min 4 ;̓Ɨ-ȾʖʲƯöȥUƓ4Ⱦʖʲ
ƯöȥUǡ? 100,000 rpm 2 h 4 ͎Beckman Optima MAX-XP͏;̓
Ɨ-ĚȳƝɕ÷UƓ4ǫť͌A 3 ĶʥP̃-ť͌-4 
 
2-1. Sonication ?NQɬɫ 
×ŞˀÌUˈ˙-ˀ ̡?ū-:4Ü̡@pH 7.0 50 mM Na-pi buffer
;Ʀȸ/QSonication͎BRONSON ɱ͏Uɑ : Puls 0.1 duty 50 % 
4 ;ɬɫ-4ɬɫǜ̬ʙ̐ȍ͎2.5, 5, 10, 20 min͏?j
e-4ɬɫȥU 15,000 rpm 5 min 4 ;̓Ɨ-ȾʖʲƯöȥUƓ4
ȾʖʲƯöȥUǡ? 100,000 rpm 2 h 4 ͎ Beckman Optima MAX-XP͏
;̓Ɨ-ĚȳƝɕ÷UƓ4ǫť͌A 3 ĶʥP̃-ť͌-4 
 
3-1. Maltibeads shocker ?NQɬɫ 
 ×ŞˀÌUôʚɈƣ; Maltibeads shocker ɑɬɫv Dɶ-
mh}Xh UĠŬ/QôʚXut ?˟ʦ-ȥÌɾʔ
;Ċ÷?òĐ-:$O 3,000 rpm ;ɬɫ-480, 160, 240, 320 sec ɬ
ɫ- ɬɫƑ?ˀÌ̡@ 4 Ü̡@ pH 7.0 50 mM buffer ;Ʀȸ-4
ɬɫȥU 15,000 rpm 5 min 4 ;̓Ɨ-ȾʖʲƯöȥUƓ4Ⱦʖʲ
ƯöȥUǡ? 100,000 rpm 2 h 4 ͎Beckman Optima MAX-XP͏;̓
Ɨ-ĚȳƝɕ÷UƓ4ǫť͌A 3 ĶʥP̃-ť͌-4 
 
2. NADH oxidase ȠƝȮţ 
¤̄@ 3 ɸ͉@ɬɫȚ͎French Press, Sonication, Maltibeads shocker͏$
O˪ː-4ȾʖʲƯöȥ<÷ç˜͎HITACHI U-3310 ͏Xf l
͎UV solution ver. 2.1͏Uɑ :Ȯţ-4NADH Aʗȹƅ; 100M
<>QN!?˪ː-4ȠƝÝA 1 ml @ȾʖʲƯöȥ4P@ 1 min ̬
@̝ʔ@ȫů̡;ʇö-4ȠƝÝA3Ķ@Ȯţ@ƀľ<-:ʇö-4 
 
3. Protein assay 









¤̄@3ɸ͉@ɬɫȚ͎ French Press, Sonication, Maltibeads shocker͏
$O˪ː-4ȾʖʲƯöȥUʟɕ÷<-4H4ĞĚȳ
Ɲɕ÷U NANOOSEP 30 kDa cut off membrane filter, NANOSEP 3 kDa 
cut off membrane filter͎Ǘǫ PALL ɱ͏Ǘ?̈̐,1ĚȳƝɕ÷
ª@td˲U/E:̲Ē-4ɕ÷Ȕ̻ɕ÷<-4
>#̻̏ɕ÷U SDSPAGE͎̤Ƕʽ ,͏ protein assay Ț?:













 NADH oxidase ȠƝȮţprotein assay÷ǳ@ʚǵU Figure 
2-2-1 ?ɰ/Multibeads shocker Ț;Aɬɫǜ̬?ƚ.:̻̏
ĥ̡%Ŋā-320 ɴƑ?Aʟĥ̡@ 80%?H;Ŋā-4(Data 
not shown)*RAɬɫȚ@Ɲ˲¤td˲$O@@˙̻%
đķ;Q<ƽŪ,RQ 
 Sonication Ț;A 10 min Á̯French Press Ț;A 2 pass Á¤;t
d˲ĥ̡̜ʔȠƝʟ FAD ĥ̡̻̏ FAD ĥ̡%FG¡ţ?>7:
 Q*<$O*@ǮÃ¥;#N2/E:@ʖʲ%ɬɫ,R: Q<ƽ
ţ,RQ͈ƕ̨˗Ū;L*RAǅƴ,RQ(Data noto shown)¬˓>̏
̻A FAD ;̏ ̻ FAD ĥ̡Aɬɫǜ̬?̭Ô>'ʟ FAD ĥ̡
 56 
@ʑ 2030%ɷƅ;74*R?NPɬɫ?NQtd˲ʚğ FAD 
@˙̻%˳&: > L@<ʫ"ORQ¡ǔ;NADH oxidseȠƝÝ
A Sonication ȚNPL French Press Ț@ǔ%͍'ǿö,R4*RA
French PressȚNPL SonicationȚ@ǔ%td˲@ōƝU˳*-M/
 Ƚ;A> $<ʫŪ-td˲ōƝ%ů> French PressȚ?:










































































































1. GY Łļ@˪ː 




1-2. O2 0 % Ł͊ 
ʲŝɈƣ;Êȭ×Ş-:Q A. xylanusU 10 m @ŜȒGYŁļ
? 1 mǾˀ- 39.5 , 8 h ̾ʦŁ͊;ˀU˳*-ĠŁļUɑ 
: 100 m /120 ml ZX͎ýŁ͊ ͏ 3  / 10 m W
t ͎ǫŁ͊͏ <nf Xw-Ł͊Uˉ743 Ł͊?A
ŜȒǮÃ͎N2ħ&́I͏;Ł͊-ǾˀA/E:Łļ?ū-: 1 / 
10 ̡;ˉ74O.D.660 1.0 ¿̂;Ł͊ȥé̡Uƺę- 8,000 rpm 
5 min 4 ͎BECKMAN AvantiTM HP-25 Roter ID JA10.5 ͏;ʔǘ'
̹ˀ-4̹ˀƑpH 7.0 50 mM Na-pi buffer ?: 3 ĶˀÌU[^
wl-4͔ Ł͊ǜ@ˤʖ>ǮÃA Table 2-3-1 ?ɰ/ɏʱ
ǠʡU Figure 2-3-1 ?ɰ/ 
 
2-2. O2 10 % Ł͊ 
ʲŝɈƣ;Êȭ×Ş-:Q A. xylanus U 10 m @ŜȒ GY Łļ 
? 1 mǾˀ- 39.5 , 8 h ̾ʦŁ͊;ˀU˳*-ĠŁļUɑ :
100 m / 500 ml £˘nh͎ýŁ͊ ͏ 3  / 10 m W
t ͎ ǫŁ͊  ͏ <nf Xw-Ł͊Uˉ743 Ł͊;A 10 % 
O2ǮÃ(10 % O2ħ&́I);Ł͊-ǾˀA/E:Łļ?ū-: 1 / 10 
̡;ˉ74O.D.660 1.0 ¿̂;Ł͊ȥé̡Uƺę- 8,000 rpm 5 
min 4 ͎BECKMAN AvantiTM HP-25 Roter ID JA10.5 ͏;ʔǘ'̹
ˀ-4̹ˀƑpH 7.0 50 mM Na-pi buffer ?: 3 ĶˀÌU[^wl
-4m Wt Uɑ 4͔ Ł͊ǜ@ˤʖ>ǮÃA
Table 2-3-1 ?ɰ/ɏʱǠʡU Figure 2-3-1 ?ɰ/ 
 
3-2. O2 21 % Ł͊ 
ʲŝɈƣ;Êȭ×Ş-:Q A. xylanus U 10 m @ŜȒ GY Łļ 
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? 1 mǾˀ- 39.5 , 8 h ̾ʦŁ͊;ˀU˳*-ĠŁļUɑ :
100 m / 500 ml £˘nh͎ýŁ͊ ͏ 3  / 10 m W
t ͎ǫŁ͊͏ <nf Xw-Ł͊Uˉ743 Ł͊;Aŕ
ȒǮÃ(Air ħ&́I);Ł͊-ǾˀA/E:Łļ?ū-: 1 / 10 ̡
;ˉ74O.D.660 1.0 ¿̂;Ł͊ȥé̡Uƺę- 8,000 rpm 5 min 
4 ͎BECKMAN AvantiTM HP-25 Roter ID JA10.5 ͏;ʔǘ'̹ˀ-
4̹ˀƑpH 7.0 50 mM Na-pi buffer ?: 3 ĶˀÌU[^wl-
4m Wt Uɑ 4͔ Ł͊ǜ@ˤʖ>ǮÃA Table 
2-3-1 ?ɰ/ɏʱǠʡU Figure 2-3-1 ?ɰ/ 
 
4-2. O2 40 % Ł͊ 
ʲŝɈƣ;Êȭ×Ş-:Q A. xylanus U 10 m @ŜȒ GY Łļ 
? 1 mǾˀ- 39.5 , 8 h ̾ʦŁ͊;ˀU˳*-ĠŁļUɑ :
100 m / 500 ml £˘nh͎ýŁ͊ ͏ 3  / 10 m W
t ͎ ǫŁ͊  ͏ <nf Xw-Ł͊Uˉ743 Ł͊;A 40 % 
O2ǮÃ(40 % O2ħ&́I);Ł͊-ǾˀA/E:Łļ?ū-: 1 / 10 
̡;ˉ74O.D.660 1.0 ¿̂;Ł͊ȥé̡Uƺę- 8,000 rpm 5 
min 4 ͎BECKMAN AvantiTM HP-25 Roter ID JA10.5 ͏;ʔǘ'̹
ˀ-4̹ˀƑpH 7.0 50 mM Na-pi buffer ?: 3 ĶˀÌU[^wl
-4m Wt Uɑ 4͔ Ł͊ǜ@ˤʖ>ǮÃA
Table 2-3-1 ?ɰ/ɏʱǠʡU Figure 2-3-1 ?ɰ/ 
 
Table 2-3-1. Summary of culture condition for flavin analysis 
  O2 conc. (%) 
 
0 10 21 40 
Instrument Jarfermenter Jarfermenter Jarfermenter Jarfermenter 
Company MARUBISHI MARUBISHI MARUBISHI MARUBISHI 
Type MDL-1001S MDL-1001S MDL-1001S MDL-1001S 
Scale (L) 10 10 10 10 
Medium volume (L) 3 3 3 3 
Gass N2 gass N2:90 %, O2:10 % gass air N2:60 %, O2:40 % gass 
Agit (rpm) 50 100 100 100 
Airation (vvm) 0.5 0.5 0.5 0.5 
Culture condition 
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Temp. 39.5 39.5 39.5 39.5 






























0 % Oxygen 
10 % Oxygen 
21 % Oxygen 
40 % Oxygen 




ƫȚAʂµʀ ʂ¡ʉ ʂ¡̓ ?Ȳ0Q

4²ɄˀÌ@Íː





 ƫȚAʂµʀ ʂµʉ ʂµ̓  ?Ȳ0Q

2j@˪ː
 ƫȚAʂµʀ ʂµʉ ʂµ̓  ?Ȳ0Q
 
3HPLC ?NQ÷ǳ
ƫȚAʂµʀ ʂµʉ ʂµ̓ 4 ?Ȳ0Q 

4. ʚǵ
 ÷ǳʚǵU Table 2-3-2 < Table 2-3-3 ?ɰ/
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
   
Table 2-3-2. Flavins concentration (nmol/g dry cell) in Amphibacillus xylanus cultured under 0, 10, 
21, 40 % oxygen conditions.  
   O2 concentration 
   

















































  Free   ND   ND   5.2 (±3.8)   5.2 (±0.0) 
( nmol / g dry cell, ± : SD, n=3 ) 

Table 2-3-3. Flavins concentration (nmol/g dry cell) in Amphibacillus xylanus cultured under 0, 10, 21, 
40 % oxygen conditions.  
      O2 concentration 
   
0%   10%   21%   40% 
FAD Free 
 

















          
Riboflavin Free   ND   ND   1.3 (±0.9)   0.7 (±0.0) 





̝ʔŞĻ¥;Aʑ FAD 8 µM <ʇö,R4͎ Table 2-3-2, 3 ͏ŜȒǮÃ¥<ȏ˼/
Q<̝ʔŞĻ¥(̝ʔȹƅ 10, 21, 40%ǮÃ¥);ʑ 2 Ü?Ŋā-: Q*<$O




¼Ķ@˪ǎȚUɑ :Ȯţ,R4 8 M @ǔ%ţ̡Ɲ%Q<ʫŪ-4 
H4Nox @̻̏?NQȠƝĆ@ť͌[21]AFAD 150 M ŞĻ¥;








ȹƅU FAD 8 M <ʇö-4*RH;? A. xylanus @̝ʔÀˮ̜ʔ<-:Ġţ
,R4̜ʔA Nox @I;QNox Ȁ̻ŞĻ¥;̝ʔD@ Km Ý% 1











 ʂ¡ʀ ʂµʉ ʂ¡̓ 1 ?Ȳ.: GY ŁļUÍː-4 
 
2. Ł͊ 
ʲŝɈƣ;Êȭ×Ş-:Q A. xylanusU 10 m @ŜȒGYŁļ? 1 m
Ǿˀ- 39.5 , 8 h ̾ʦŁ͊;ˀU˳*-ĠŁļUɑ : 100 m 
/500 ml w¿&£˘nh͎ýŁ͊ ͏ 1.5  / 5 w¿&
£˘nh͎ǫŁ͊͏<nf Xw-Ł͊Uˉ74ǫŁ͊;A
ŕȒǮÃ͎150 rpm͏;Ł͊-ǾˀA/E:Łļ?ū-: 1 / 100 ̡;
ˉ74ɏʱǠʡU Figure 3-1-1 ?ɰ/O.D.660 1.0 ¿̂;é̡U 8,000 
rpm 3 min RT͎BECKMAN AvantiTM HP-25 Roter ID JA10.5 ͏;ʔǘ'̹
ˀ-4̹ˀƑpH 7.0 50 mM Na-pi buffer ?: 3 ĶˀÌUȟȢ-ˀ̡
















Figure 3-1-1. Growth curve of aerobic cultured Amphibacillus xylnus. 
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3.  ˀÌɬɫ 
ˀÌU˙ô-šé?ȳ(&Qý?Ü̡@ buffer Uā"Ʀȸ/Qˀ
Ì̡̟
1 / 1000 ̡ ( 60 g @ˀÌ;RB 60 mg ) @ lysozymedn
 x 1 > - 2 ǰ÷@ DNase Uā"Ȕª; 30 min ǄƱ-4ǄƱ







Wako ɱ@ɇʓˣ˄Uɑ 4 
 
100 mM NADH solution 
 
NADH   100 mM (pH Ⱦ˪ǎ Tris buffer) 
˪ǎƑ÷ç˜?:ndzUȮţ-340 = 6,200 Uɑ :ȹƅUʇ
ö/Q 
 
100 mM NADPH solution 
NADPH   100 mM͎pH Ⱦ˪ǎ Tris buffer͏ 
˪ǎƑ÷ç˜?:ndzUȮţ-340 = 6,220 Uɑ :ȹƅUʇ
ö/Q 
 
10 mM FAD solution 
FAD     10 mM ͎˴ʒȓ͏ 





Ġʀ ʂ¡ʉ ʂ¡̓ 1 ;ƓOR4ɬɫȥU 8,000 










ĚȳƝɕ÷@˪ː@̶?ƓORQȗȌ? pH 7.0 50 mM Na-pi bufferU
ƓOR4ĚȳƝɕ÷<ʄ̡ā"Ȕª;šé?nt  ǁƱ/Q
͎1 h ɷƅ ͏ʷɕ÷UƓ4 
 
3. NAD͎P͏H oxidase ȠƝȮţ 
 ÷ç˜͎ HITACHI U-3310 U͏ɑ : 37 ǮÃ¥; pH 7.0 50 mM Na-pi 
buffer Uā"NAD͎ P H͏, FAD U2R3R final ȹƅ; 150 M, 10 
M <>QN!?Ȩā-ǁƱ/QjA 50 l Ȩā- NAD͎P͏
H @ȫů̡UȮţ/QȮţȥA 1 m<>QN!?˪ː-4ȠƝA 1
÷̬4P; 1 mg @td4P@ NAD͎P͏H @ȫů̡<-:ʇö
-4ȮţA 3 ĶʥP̃-4 
 
4. ̝ʔĦĘȠƝȮţ 
 ȳŞ̝ʔǿöA YSI MODEL 5300 Biological monitor ͎YSI ɱ͏;h
 u A UNICORDER U-228͎ pantos ɱ U͏Ïɑ-437 ǮÃ¥; pH 
7.0 50 mM Na-pi buffer Uā"NAD͎ P H͏, FAD U2R3R final ȹƅ;
150 M, 10 M <>QN!?Ȩā-4ȮţȥA 2.5 m <>QN!?
˪ː-4ȠƝÝA 1 ÷̬4P; 1 mg @td4P@̝ʔ@ȫů
̡<-:ʇö-4ȮţA 3 ĶʥP̃-4 
  
5. ʚǵ 
CFE ?# :FAD ̿Ȩā; NADH U̽ŝÐ§Ì<-4ǜ@ǔ%
NADPH U̽ŝÐ§Ì<-4ǜNPL 6 ÜȠƝ͍'FAD Ȩāǜ?# 
:LĠȄ;74NADH U̽ŝÐ§Ì<-4<&@ Cytoplasm ɕ÷%
membren ɕ÷?ȏE#N2 3.5 ÜȠƝ%͍$74͎Table 3-1-1 ͏H4
÷ç˜<̝ʔ̽ȁ2R3R;Ȯţ-4ȠƝÝA#N2Ġ.áĢUɰ-:




Table 3-1-1.  Oxygen metabolic activity in cytoplasm, membren and CFE. 
  NADH NADPH 
 
Oxidase Oxidase ( 10µM FAD ) Oxidase Oxidase ( 10µM FAD ) 
Cytoplasm 563.9 ( ± 13.2 ) 872 ( ± 6.6 ) 59 ( ± 6.6 ) 104.9 ( ± 0.0 ) 
Membren 157.4 ( ± 0.0 ) 229.5 ( ± 6.6 ) 98.4 ( ± 6.6 ) 78.7 ( ± 0.0 ) 
CFE 642.6 ( ± 13.2 ) 996.6 ( ± 0.0 ) 104.9 ( ± 0.0 ) 150.8 ( ± 6.6 ) 
CFE: Cell free extract 
 





Table 3-1-2.  Oxygen metabolic activity in cytoplasm, membren and CFE. 
  Spectrometer DO meter 
 
NADH oxidase NADH oxidase ( 10µM FAD ) NADH oxidase NADH oxidase ( 10µM FAD ) 
Cytoplasm 560.0 ( ± 22.4 ) 917.9 ( ± 0.0 ) 368.3 ( ± 29.9 ) 577.3 ( ± 19.9 ) 
Membren 111.0 ( ± 7.0 ) 124.6 ( ± 6.6 ) 49.8 ( ± 10.0 ) 99.5 ( ± 0.0 ) 
CFE 623.5 ( ± 48.5 ) 1081.8 ( ± 98.3 ) 413.1 ( ± 4.9 ) 711.7 ( ± 14.9 ) 
   






ʂ£̓Butyl TOYOPEARL 650S Uɑ 4̜ʔ÷ɕ 
 
1.  ˣ˄@˪ː 





PMSF     200 mM (Et-OH) 
 
nzzZlɭ̝Ň 
nzzZlɭ̝Ň  10 %͎ pH 8.0 50 mMTris buffer  ͏
 
100 mM NADH solution 
ý̓?Ȳ.:Íː/Q 
 
100 mM NADPH solution 
ý̓?Ȳ.:Íː/Q 
 






1 / 1000 ̡ ( 60 g @ˀÌ;RB 60 mg ) @ lysozymedn
 x 1 > - 2 ǰ÷@ DNase Uā"Ȕª; 30 min ǄƱ-4ǄƱ
ƑFrench Press 3000psi ( AMICO ɱː ) Uɑ : 140Mpa ;£ĶɬɫU
ˉ74¡Ķɢ@ɬɫƑPMSF ɬɫȥ?ū-: 1 / 200 ̡Ȩā- 10 min
ǄƱ/QµĶɢ@ɬɫƑ? PMSF Uɬɫȥ?ū-: 1 / 200 ̡Ȩā-
ĠȄ@ǃÍƑ?£Ķɢ@ɬɫUˉ74ɬɫƑ 8,000 
g, 20 min, 4 ;
̓Ɨ÷̻¤ȩUĶĘ-ȾʖʲƯöȥUƓ4ðC 100,000
g, 2 h, 4 
;̓Ɨ÷̻-4¤ȩUĶĘ-ĚȳƝɕ÷UƓ4ĚȳƝɕ÷Unl
u ;Ȋɮ?˜̡-1 / 3 ̡@nzzZlɭ̝ŇUȵ<
ā"NaOH Uɑ : pH U 7.0 ?˪ǎ- 30 min ǄƱ-4Á¤@ǃÍ
A/E:Ȕª;ˉ74ǄƱƑ16,800
g, 30 min ̓Ɨ-¤ȩUƓ4 ( ʵ
 70 
Ǻ̝ )¤ȩUnlu ;Ȋɮ?˜̡-200 g / <>QN!?ɭ
̝X}[ ( ´ý?/P̣;ǂ74L@ ) Uů-08Ȩā-NH3
; pH U 7.0 ?˪ǎ- 30 min ǄƱ-4Á¤@ǃÍLȔª;ˉ!ǄƱ
Ƒ 69,700
g, 30min;̓Ɨ÷̻-¤ȩUĶĘ ( ɭ̝X}[ȗȌ ) 
-ʍ̜ʔȥUƓ4 
 
3. Butyl TOYOPEARL 650S ?NQ̜ʔ÷ɕ 
ƓOR4ʍ̜ʔȥU pH 7.0 50 mM Na-pi buffer (AS 200 g /  );ƀˌĆ
-4 Butyl TOYOPEAL 650S ?Ð-Ġ buffer ;ȟȢƑpH 7.0 50 mM 
Na-pi buffer (AS 200 g /  ) $O pH 7.0 50 mM Na-pi buffer͎AS 0 g / ͏ 




4. 10 M FAD ŞĻ¥;@ȠƝȮţ 
pH 7.0 50 mM Na-pi Uɑ :NADH, FAD U2R3Rʗȹƅ 150M, 
10M <>QN!?˪ː-Ȯţȥ@ʟ̡A 1 m <-4Ğdl
jA 50 100 Ȩā-ȠƝÝAj 1 m4P¡
÷̬@ NADH @ȫů̡U NADH @÷ŝĦçÔǌ ͎340 = 6,200͏Uł

























































































































ȠƝUɰ-4ɕ÷U AE @ 5 ɕ÷?÷þ-͎Figure 3-1-3 ͏2R3RUH
<KpH 7.0 20 mM Na-pi͎15 M FAD, 1mM EDTA ,͏  4ǮÃ¥;̆ǳõɍ
U 4 ǜ̬
3 Ķˉ74̆ǳʷA 10,000 cut off ͎£çʒ˄ǹƇÅɱ͏Uɑ 
̆ǳªA 30 ÷ȍ?¤¥ǁƱUˉ74 
 
6. ÷þɕ÷@ 10 M FAD ŞĻ¥;@ NADH oxidase ȠƝȮţ 













































































































Table 3-1-3. The activity of each fractions showing high activity 
in 1st column. 
    A B C D E 
Activity'U( 
Spectrometer 16.5 10.6 136.4 76.4 17.9 
DO meter 8.1 5.8 74.4 27.6 13.0 




 Butyl TOYOPEARL 650S ;@̜ʔ÷ɕ@ʚǵů>'<L 5 8@̻̏
Uüɑ-4̝ʔÀˮ̜ʔ@ŞĻUǚO$?-4C ɕ÷A*RH;@ɏĆş
ɞ>˙ǳ@ʚǵ Nox ;Q*<%ƽţ,RQNox ;Q*<%ƽţ,RQ C
ɕ÷<ȉ?Ɗ D ɕ÷UğT1Q<éÌ@ 80 %ɷƅ@ȠƝUɰ/*<$O*
@µ8@̜ʔ% A. xylanus @̻̏%̭§/Q̝ʔÀˮȠƝ@¬˓>ȃ
Ƨ˓ʔ;Q*<%ƽŪ,RQD ɕ÷?ĥHRQ̜ʔ%¦ǚ;Q*<$O




1. 2nd column DEAE sephacel  
Ġʀ ʂ¡ʉ ʂ£̓ 5;H<K4ɕ÷@!6D ɕ÷ŬǳƑ69,700

g, 30 min 4 ;̓Ɨ-¤ȩUĶĘ-4*@¤ȩU pH 7.0 20 mM Na-pi buffer
;ƀˌĆ-4 DEAE sephacel?Ð-4Ġ buffer ;ȟȢƑ pH 7.0 20 mM Na-pi 
buffer 150 m  pH 7.0 20 mM Na-pi buffer 150 m ( 125 mM NaCl )  liner 
gradient elution, pH 7.0 20 mM Na-pi buffer 150 m ( 125 mM NaCl )buffer 150 m 
step elution, pH 7.0 20 mM Na-pi buffer 150 m ( 125 mM NaCl )buffer  pH 7.0 
20 mM Na-pi buffer 150 m ( 250 mM NaCl )buffer, liner gradient elution, pH 7.0 
20 mM Na-pi buffer 150 m ( 250 mM NaCl )buffer step elution, pH 7.0 20 mM 
Na-pi buffer 150 m ( 500 mM NaCl ), step elution ;td˲Uȳö,1Foxy 
200TM X-Y Fraction collector ?NPȳöɕ÷Uwp?ĶĘ-4Ğ





















































































































2. 3rd column  POROS HQ / 10 
EAE sephacel ;̖ţ-4ɕ÷U Apollo High-Performance Centrifugal 
Concentrators MWCO 20kDa ( Orbital Biosciences ɱ )?:ȹʤ-4ȹʤA 5 m
Á¥?>QH;ˉ74ȹʤƑbuffer Uā"ðCȹʤUʥP̃-pH 7.0 50 mM 
Na-pi buffer ?:ʦƿUˉ74 ( 1 / 1,000 ż̞Á¤ )ȹʤ-4ɕ÷U pH 7.0 20 
mM Na-pi buffer ;ƀˌĆ-4 POROS HQ / H ?Ð-Ġ buffer ;ȟȢƑ 
pH 7.0 20 mM Na-pi buffer 150 m  pH 7.0 20 mM Na-pi buffer 150 m ( 125 
mM NaCl )  liner gradient elution, pH 7.0 20 mM Na-pi buffer 150 m ( 125 mM 
NaCl )buffer 150 m step elution, pH 7.0 20 mM Na-pi buffer 150 m ( 125 mM 
NaCl )buffer  pH 7.0 20 mM Na-pi buffer 150 m ( 250 mM NaCl )buffer liner 
gradient elution ;td˲Uȳö,1ȳöɕ÷Uwp?ĶĘ-4Ğ
dl?ū- 10 M FAD ŞĻ¥;@ NADH oxidase ȠƝȮţ< SDS 
PAGE Uˉ ɢɞ@ɕ÷U̖ţ-4>#HQ / 10 @dzeY ?
A  mdzeY lnxUɑ : Q 
 
3. ʎːʚǵ<ɢɞtd˲@ N ǪʁX̛̝ø÷ǳBLAST ˙ǳ 
Á¤@ʎːˉɷ?NPɢɞ̜ʔ@ʎː?ƧĀ-4͎Figure 3-1-5 ͏ɢɞt
d˲A SDSPAGE?NPĎ̡Ì÷ŝ̡Aʑ 25 kDa;NǪʁX̛̝ø÷ǳN
P MAKDFYQAVKD ;g¤@ NAD͎P͏H  oxidoreductase͎NPO͏<¡
ʹ-4ǫ̜ʔA BLAST ˙ǳ͎Table 3-1-4 ͏Inter Pro scan ?NQv ˙ǳ
͎Figure 3-1-6͏@ʚǵ nitro reductase family ?ų/Qȇʳǩɨ̜ʔ;74 
 
  
Figure 3-1-5. SDS PAEG of target protein. 
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Table 3-1-4. BLAST analysis of 
NPO 
      Ra







1 Bacillus cereus G9241 
Q4MHR9_BA




75 283 66% 
2 Bacillus cereus 
Q739V2_BAC
C1 Putative uncharacterized protein BCE_2035 
6.00E-
74 279 65% 
3 Bacillus cereus 
Q63CK4_BA
CCZ Nitroreductase family protein BCE33L1768 
3.00E-
73 277 65% 






73 277 64% 
5 Bacillus thuringiensis 
A0RCV9_BA
CAH Nitroreductase family protein BALH_1728 
3.00E-
73 277 65% 
6 
Bacillus thuringiensis subsp. 
konkukian 
Q6HK09_BA
CHK Nitroreductase family protein BT9727_1785 
8.00E-
73 275 64% 
7 Bacillus cereus 
Q81EL7_BAC
CR Nitroreductase family protein BC_1952 
2.00E-
72 274 64% 
8 Bacillus anthracis str. A0488 
B0APK3_BA
CAN Putative uncharacterized protein BAC_1972 
2.00E-
72 274 64% 
9 Bacillus anthracis 
Q81RT6_BAC
AN 









10 Bacillus cereus 
Q4V195_BAC




71 269 63% 
11 Clostridium beijerinckii 
A6LTH0_CL
OB8 Nitroreductase family protein Cbei_1472 
5.00E-
70 266 61% 
12 Clostridium acetobutylicum 
Q97E06_CLO
AB Nitroreductase family protein CA_C3314 
2.00E-
69 264 61% 
13 Clostridium botulinum 
A7GFD9_CL
OBL Putative uncharacterized protein CLI_2249 
3.00E-
69 263 60% 
14 Clostridium botulinum A7FVM0_CL Putative uncharacterized protein CLB_2143 2.00E- 261 60% 
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OB1 68 
15 Clostridium botulinum 
A5I3X5_CLO
BH Putative uncharacterized protein CBO2204 
2.00E-
68 261 60% 






66 254 57% 
17 
Bacillus thuringiensis subsp. 
konkukian 
Q6HG31_BA
CHK Putative uncharacterized protein BT9727_3172 
2.00E-
66 254 60% 
18 Bacillus cereus 
Q638I1_BAC
CZ Putative uncharacterized protein BCE33L3099 
2.00E-
66 254 60% 
19 Bacillus cereus G9241 
Q4MXV2_BA




66 253 60% 
20 Bacillus cereus 
Q81B06_BAC
CR Nitroreductase family protein BC_3390 
7.00E-
66 252 59% 
21 Bacillus anthracis str. A0488 
B0ALN5_BA
CAN Putative uncharacterized protein BAC_3459 
6.00E-














23 Clostridium kluyveri 
A5N6Y6_CL
OK5 Predicted oxidoreductase CKL_1025 
8.00E-
62 239 56% 
24 Bacillus clausii 
Q5WJY1_BA
CSK Putative uncharacterized protein ABC0785 
1.00E-
61 238 57% 
25 Thermosinus carboxydivorans Nor1 
A1HNH2_9FI




60 233 55% 
26 Listeria monocytogenes 
Q8Y3K6_LIS
MO Lmo2829 protein lmo2829 
2.00E-
58 227 53% 
27 Listeria monocytogenes HPB2262 
A4E699_LIS
MO Putative uncharacterized protein LMSG_00251 
2.00E-
58 227 53% 
28 Listeria monocytogenes FSL N3-165 
A4DQN4_LIS
MO Putative uncharacterized protein LMIG_00246 
2.00E-
58 227 53% 
29 Listeria monocytogenes F6900 
A4DY14_LIS




58 227 53% 
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30 Listeria monocytogenes J2818 
A3G696_LIS
MO Putative uncharacterized protein LMPG_00073 
2.00E-
58 227 53% 
31 Listeria monocytogenes 10403S 
A3GC06_LIS
MO Putative uncharacterized protein LMRG_01869 
2.00E-
58 227 53% 
32 Listeria monocytogenes J0161 
A3FTF5_LIS
MO Putative uncharacterized protein LMOG_00982 
2.00E-
58 227 53% 
33 Listeria monocytogenes serotype 4b 
Q71VT2_LIS




58 227 53% 
34 Listeria monocytogenes FSL N1-017 
A4DI37_LIS
MO Putative uncharacterized protein LMHG_00533 
2.00E-
58 227 53% 
35 Listeria innocua 
Q926S9_LISI
N Lin2962 protein lin2962 
2.00E-
58 227 53% 
36 Pseudomonas aeruginosa 
Q9I0R1_PSE
AE Putative uncharacterized protein PA2575 
4.00E-
58 226 56% 
37 Pseudomonas aeruginosa 2192 
A3LAQ2_PSE
AE Putative uncharacterized protein PA2G_01688 
4.00E-
58 226 56% 
38 Pseudomonas aeruginosa C3719 
A3KUX2_PS
EAE Putative uncharacterized protein PACG_01488 
4.00E-
58 226 56% 
39 Bacteroides fragilis 
Q5LIQ8_BAC
FN Putative uncharacterized protein BF0191 
6.00E-
58 226 57% 
40 Bacteroides fragilis 
Q64ZU5_BA
CFR Nitroreductase BF0232 
6.00E-
58 226 57% 
41 Listeria welshimeri serovar 6b 
A0AME5_LIS
W6 Complete genome lwe2759 
6.00E-
58 226 53% 






57 223 53% 
43 Pseudomonas aeruginosa 
Q02N66_PSE
AB Putative nitroreductase PA14_30800 
5.00E-
57 223 54% 
44 Pseudomonas aeruginosa 
A6V4L7_PSE
A7 Putative uncharacterized protein PSPA7_2641 
6.00E-
57 223 54% 
45 Erwinia carotovora subsp. atroseptica 
Q6D3A6_ER
WCT Putative uncharacterized protein ECA2838 
3.00E-
56 220 51% 
46 Bacteroides ovatus ATCC 8483 
A7LVR5_BA




55 218 54% 
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47 Parabacteroides distasonis 
A6L9U8_PAR
D8 Nitroreductase BDI_0691 
1.00E-
54 215 51% 
48 Bacillus sp. B14905 
A3I7R4_9BA




54 215 48% 
49 Bacteroides thetaiotaomicron 
Q8A2B3_BA
CTN Nitroreductase BT_3392 
2.00E-
54 214 53% 
50 Bacteroides caccae ATCC 43185 
A5ZFC9_9BA




54 212 53% 
51 Aeromonas salmonicida 
A4SJY1_AER
S4 Putative uncharacterized protein ASA_1081 
1.00E-
53 212 50% 
52 
Aeromonas hydrophila subsp. 
hydrophila 
A0KN73_AE
RHH Nitroreductase family protein AHA_3233 
2.00E-
53 211 49% 
53 Ochrobactrum anthropi 
A6X4T1_OC
HA4 Putative uncharacterized protein Oant_3529 
3.00E-
53 210 52% 
54 Botryotinia fuckeliana 
A6S727_BOT
FB Putative uncharacterized protein BC1G_08602 
3.00E-
53 210 49% 
55 Pseudoalteromonas haloplanktis 
Q3IH76_PSE
HT Putative uncharacterized protein PSHAa1751 
4.00E-
53 210 52% 
56 Acinetobacter sp. 
Q6FA32_ACI
AD Putative uncharacterized protein ACIAD2295 
9.00E-
53 209 48% 
57 Parabacteroides merdae ATCC 43184 
A7AEN2_9PO




53 209 51% 
58 Brucella canis ATCC 23365 
A9MBE0_BR
UCA Putative uncharacterized protein BCAN_B0498 
2.00E-
52 207 51% 
59 Brucella abortus 
Q577Q3_BRU
AB Putative uncharacterized protein BruAb2_0725 
2.00E-
52 207 51% 
60 Brucella abortus 
Q2YKC2_BR
UA2 Putative uncharacterized protein BAB2_0740 
2.00E-
52 207 51% 
61 Brucella ovis 
A5VUG4_BR
UO2 Putative uncharacterized protein BOV_A0433 
2.00E-
52 207 51% 
62 Brucella suis 
Q8FWF8_BR
USU Putative uncharacterized protein BRA0497 
2.00E-
52 207 51% 
63 Brucella melitensis 
Q8YBW4_BR
UME Hypothetical Cytosolic Protein BMEII0772 
2.00E-
52 207 51% 
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64 Brucella suis 
A9WYH6_BR
USI Putative uncharacterized protein BSUIS_B0496 
2.00E-
52 207 51% 
65 Neisseria meningitidis serogroup A 
A1IU18_NEI
MA Putative uncharacterized protein NMA2195 
5.00E-
52 206 49% 
66 Neisseria meningitidis 
Q7AX12_NEI
ME 
Putative uncharacterized protein 
ycl026c-a ycl026c-a 
5.00E-
52 206 49% 
67 Bacteroides uniformis ATCC 8492 
A7V058_BAC




52 206 51% 
68 Neisseria meningitidis serogroup B 
Q9K178_NEI
MB Putative uncharacterized protein NMB0292 
6.00E-
52 206 48% 
69 
Neisseria meningitidis serogroup C / 
serotype 2a 
A1KVZ6_NEI
MF Putative uncharacterized protein NMC1889 
6.00E-
52 206 48% 
70 Acinetobacter baumannii 
A3M612_ACI
BT Putative oxidoreductase A1S_1929 
1.00E-
51 205 49% 
71 Bordetella avium 
Q2KWX9_BO
RA1 Putative uncharacterized protein BAV0744 
1.00E-
51 205 49% 
72 Neisseria meningitidis serogroup C 
A9M323_NEI
M0 Putative uncharacterized protein NMCC_1854 
2.00E-
51 204 48% 
73 Psychrobacter sp. 
A5WHV4_PS
YWF 





51 204 52% 
74 Bacteroides vulgatus 
A6L0S7_BAC
V8 Nitroreductase BVU_1605 
3.00E-
51 204 51% 






51 203 48% 
76 Sclerotinia sclerotiorum 
A7EWA6_SC
LS1 Putative uncharacterized protein SS1G_09615 
5.00E-
51 203 49% 
77 Bordetella petrii 
A9HYQ7_9B
ORD Putative uncharacterized protein Bpet3518 
5.00E-





Putative uncharacterized protein 
B9B15.090 
 









79 Comamonas sp. CNB-1 A7K7L3_9BU Predicted oxidoreductase 
 




Staphylococcus saprophyticus subsp. 
saprophyticus 
Q49YY9_STA
S1 Nitroreductase family protein SSP0844 
1.00E-
50 201 46% 
81 Carnobacterium sp. AT7 
A8UAQ9_9L
ACT Putative uncharacterized protein CAT7_11650 
1.00E-
50 201 50% 
82 Enterococcus faecalis 
Q838B7_ENT
FA Nitroreductase family protein, putative EF_0655 
1.00E-
49 198 49% 
83 Acinetobacter baumannii 
A3M945_ACI
BT Putative oxidoreductase A1S_3042 
2.00E-
49 197 47% 
84 Staphylococcus aureus 
Q99SL4_STA
AM 
Similar to nitroreductase family 
protein SAV2033 
3.00E-
49 197 48% 
85 Staphylococcus aureus 
A5IUI0_STA
A9 Nitroreductase SaurJH9_2070 
3.00E-
49 197 48% 
86 Staphylococcus aureus 
Q7A4J0_STA
AN 
Putative uncharacterized protein 
SA1840 SA1840 
3.00E-
49 197 48% 
87 Staphylococcus aureus 
A7X4J7_STA
A1 Putative uncharacterized protein SAHV_2018 
3.00E-
49 197 48% 
88 Staphylococcus aureus 
A6U3B9_STA
A2 Nitroreductase SaurJH1_2107 
3.00E-
49 197 48% 
89 Staphylococcus aureus 
A6QIN1_STA
AE Putative uncharacterized protein NWMN_1941 
4.00E-
49 197 48% 
90 Staphylococcus aureus 
Q5HEG8_ST
AAC Putative uncharacterized protein SACOL2020 
4.00E-
49 197 48% 
91 Staphylococcus aureus 
A8Z4T6_STA




49 197 48% 
92 Staphylococcus aureus 
Q6G7S4_STA
AS Putative uncharacterized protein SAS1939 
4.00E-
49 197 48% 
93 Staphylococcus aureus 
Q2FWN0_ST




49 197 48% 
94 Staphylococcus aureus 
Q2YUD4_ST
AAB Probable nitroreductase family protein SAB1917 
4.00E-
49 197 48% 
95 Staphylococcus aureus 
Q2FF91_STA




49 197 48% 
96 Staphylococcus aureus Q8NVK8_ST Putative uncharacterized protein MW1957 4.00E- 197 48% 
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AAW MW1957 49 
97 Prosthecochloris vibrioformis 
A4SEE2_PRO
VI Nitroreductase family protein Cvib_0836 
8.00E-
49 196 48% 
98 Staphylococcus haemolyticus 
Q4L7R8_STA
HJ Nitroreductase family protein homolog SH0998 
1.00E-
48 195 46% 
99 Bacillus thuringiensis 
A0RCT1_BA
CAH Nitroreductase family protein BALH_1699 
1.00E-
48 195 47% 
100 Psychrobacter arcticum 
Q4FQT3_PSY
AR Putative uncharacterized protein Psyc_1777 
1.00E-
48 195 49% 
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Figure 3-1-6. Motif search of NPO. 
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1. NPO ̗ÆŝɐɆ@Ŋž 
 A. xylanus g¤@ NPO ̗Æŝ̛øUł? primer UÍː-4Forward: 
CACCATGGCAAAAGATTTT, Reverse: TTATTTAAAATTTTCACAC. PCR ?A
PrimeSTAR TM HS DNA polymerase͎TaKaRa ɱ͏Uɑ 4Table 3-2-1 UēɁ
?ˣ˄U˪ː-Figure 3-2-1 ǮÃ; PCR Uˉ ʑ 600 kbp @ ̗ÆŝɐɆU
Ɠ4͎Figure 3-2-2 ͏ 
 
Table 3-2-1. Composition of PCR for NPO probe. 
  Add. vol. (µl) 
50 nh / µl DNA from A. xylanus 1 
10 pM Forward primer  1 
10 pM Riverse primer 1 
dNTPs mixture 4 
PrimeSTAR TM HS DNA polymerase 0.2 
5×PrimeSTAR TM buffer 10 
MiliQ 33 




98  98 
50 
72  72 
4 
2 min 30 sec
30 sec
1 min 4 min
∞
25 cycles
Figure 3-2-1. The PCR codition. 
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2. TOPO d }e< BL21 Star TM͎DE3͏One ShotR  E. coli D@ TF 
Ŋž-4̗ÆŝɐɆU QIA quickR  Gel Extraction kitUɑ :ʎː-pET 
101/D-TOPO vector͎invitrogenɱ Figure 3-2-3͏Dd }e-4d }























T7 promoter: bases 209-225
T7 promoter priming site: bases 209-228
lac operator (lacO): bases 228-252
Ribosome binding site (RBS): bases 282-288, 292-296
TOPO® cloning site (directional): bases 297-310
V5 epitope: bases 333-374
Polyhistidine (6xHis) region: bases 384-401
T7 reverse priming site: bases 455-474
T7 transcription termination region: bases 416-544
bla promoter: bases 845-943
Ampicillin (bla) resistance gene (ORF): bases 944-1804
pBR322 origin: bases 1949-2622
ROP ORF: bases 2990-3181 (complementary strand)














Figure 3-2-3. General information of pET101/D-TOPO vector. 
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3. Ƹè̛ø@l fn 





4. IPTG ǿ˝ 
 
4-1. LB Łļ͎Amp+͏@˪ː 
  ʂµʀ ʂ¡ʉ ʂ¡̓ 1 ?Ȳ.:ŁļU˪ː/Q_ zd
 Ƒ? 50 g / m<>QN!? Ampicilline UȨā/Q 
 
4-2. rNPO ɛɌǹ@Ł͊ 
 ep nzwdNP 3 ml LB Łļ͎ Amp+ ?͏ 1 ɝ̢{Ǿˀ
-37 , 160 rpm ;Ł͊/QɏʱUɢ˕;ɮ˥-ĠŁļDǾˀ-
37 , 160 rpm ;Ł͊/QOD  0.5 ¿̂; IPTG Uʗȹƅ 0.01, 0.05, 
0.1, 0.5, 1 mM <>QN!?Ȩā-3 h Ł͊/Q̹ˀ-SDSPAGE




















1. rNPO ɛɌǹ@ő̡Ł͊ 
 
1-1. LB Łļ͎Amp+͏@Íː 
µʀ ʂ¡ʉ ʂ¡̓ 1 ?Ȳ.:ŁļU˪ː/Q_ zd Ƒ?
50 g / m<>QN!? Ampicilline UȨā/Q 
 
1-2. Ł͊̹ˀ 
 ep nzwd$O 3 m LB ŁļD 1 ɝ̢{Ǿˀ/Q
37 ;Ł͊-ĠŁļUɑ : 3 m, 100 m / 500 m £˘nh, 2  / 
5  £˘nh<nf Xw-4ý̓ IPTG ǿ˝UēɁ? IPTG U
Ȩā-é̡U 8,000 rpm 3 min RT͎BECKMAN AvantiTM HP-25 Roter ID 
JA10.5 ͏;ʔǘ'̹ˀ-4̹ˀƑ pH 7.0 50 mM Na-pi buffer ; 3 ĶˀÌ
U[^wl-4ˀ ̡ȮţƑˀ Ì̡?ū-:2Ü̡@Ġbuffer;Ʀȸ-
ȥÌɾʔUɑ :ƜôʚƑ?ÏɑH;-80 ;×Ş-4 
  
2. rNPO @ʎː 
 
2-1. ʍ̜ʔȥ@˪ː 
Ġʀ ʂ¡ʉ ʂ£̓ 2 ?Ȳ.:ʍ̜ʔȥU˪ː-4 
 
2-2. ʎː 




ʎː̜ʔU 1.0 mg / m: 1.5 m ?˪ː-ǥ̰Åɱ mDƭÌÍː






ʂ¡̓ʸ̕ pH ʸ̕ȭƅȠƝ@ŠţƝ@ǿ˝ 
 
1. ˣ˄@˪ː 




2-1. ʸ̕ pH @ǿ˝ 
10 M FAD ŞĻ¥@ NADH oxidase ȠƝUƵȅ?-4ȠƝȮţȚA
Ġʀ ʂ¡ʉ ʂµ̓ 3 UēɁ/QpH 36: Citrate buffer, pH 68: Napi 
buffer, pH 89: Tris-HCl buffer, pH 911: CO3 buffer Uɑ :ȠƝUȮţ-

























Figure 3-3-1. NADH oxidase activity with FAD of NPO under pH 3 to 11. 
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2-2. 10 M FAD ŞĻ¥@ NADH oxidase ȠƝUƵȅ?-4ȠƝȮţȚA
Ġʀ ʂ¡ʉ ʂµ̓ 3 UēɁ/Q1065 H;ȠƝUȮţ-4






 10 M FAD ŞĻ¥@ NADH oxidase ȠƝUƵȅ?-4ȠƝȮţȚA




 NADH, FAD @˪ːǔȚAĠʀ ʂ¡ʉ ʂµ̓ 1 UēɁ/Q 
 
Á¥@ˣ˄U˪ː/Q˞˽@Ⱦ Ņğ?A Wako ʒ˄ː@L@Uɑ 4 
 
10 mM FMN solution 
 
FMN    10 mM (MiliQ) 

















Figure 3-3-2. NADH oxidase activity with FAD of NPO under 10 to 65 . 
 93 
10 mM Riboflavin solution 
Riboflavin    10 mM ͎MiliQ͏ 
˪ǎƑ÷ç˜?:ndzUȮţ-445 = 12,500Uɑ :ȹƅUʇö/Q 
 
10 mM DCIP solution 
DCIP    10 mM͎MiliQ͏ 
˪ǎƑ÷ç˜?:ndzUȮţ-600 = 18,500Uɑ :ȹƅUʇö/Q 
 
10 mM Menadione solution 
Menadione   10 mM ͎˴ʒȓ͏ 
 
10 mM Nitrofrazon solution 
Nitrofrazone    10 mM ͎˴ʒȓ͏ 
˪ǎƑ÷ç˜?:ndzUȮţ-400 = 12,960Uɑ :ȹƅUʇö/Q 
 
10 mM Nitrobenzen solution 
Nitrobenzen    10 mM ͎˴ʒȓ͏ 
 
10 mM Nitrophenol solution 
Nitrophenol    10 mM ͎˴ʒȓ͏ 
 
10 mM Nitrosobenzene solution 
Nitrosobenzene    10 mM ͎˴ʒȓ͏ 
 
2. ȠƝȮţ 
2-1. FAD, FMN, Riboflavin ̘äȠƝȮţ 
ŜȒbwzUɑ : pH 7.0 50 mM Na-pi buffer͎ 20 minÁ¤ Arħ&́
IȪI͏< NADH ͎FAD or FMN or Riboflavin͏Uʗȹƅ; 100
M<>QN!?ā"_mvǸU̪K: 15 min Ar.anUħ&́V
525 Zb z 10 minƑ÷ç˜͎HITACHI U-3310͏?:
@ĦçÔǌ͎ FAD;450 nm, FMN:445 nm, Riboflavin:445 ?͏:ȠƝUȮţ
-4ȠƝÝA 1 mg@td˲4P1 ÷̬?ȫů/Q̡;
ʇö-4ȠƝA 3ĶȮţ-4 
 
2-2. DCIP ̘äȠƝȮţ 
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ŜȒǮÃ¥; 2-1. ĠȄ?ȠƝUȮţ/QDCIP@ĦçÔǌ͎600 nm͏U
ǿö-ȠƝÝUʇö-4 
 
2-3. Menadione ̘äȠƝȮţ 




ŜȒǮÃ¥; 2-1. ĠȄ?ȠƝUȮţ/QNitrofrazonAĦçÔǌ͎ 400 nm͏




Ğł˲?ū/QȠƝÝU Table 3-3-1 ?ɰ/FAD, FMN, Riboflavin, DCIP, 
Menadione, Nitrofrazone?ū-:ȠƝUǿö-4ɇ? DCIP, Menadione?ū/







Table 3-3-1. Substrate specificity of NPO. 

























0.18 ( ± 
0.01 ) 
0.91 ( ± 













0.18 ( ± 
0.00 ) 
1.07 ( ± 
0.00 ) ND ND ND 
ND: not detected 
    




NADH, FAD @˪ːǔȚAĠʀ ʂ¡ʉ ʂµ̓ 1 UēɁ/Q 
 
2. ȠƝȮţ 
10 M FAD ŞĻ¥;@ NADH oxidase ȠƝU̝ʔ̽ȁ?NPȮţ-4
NADH Aʗȹƅ 50 M <>QN!?˪ː-̝ʔ@ȫů%z ?>74









Figure 3-3-3. The product of NADH oxidase with FAD by 
NPO was H2O2. Catalase was added to reaction solution at 



















÷ç˜͎HITACHI U-3310͏Uɑ : Abs 441 % 0.5 Á¤<>QN!?˪ː-
4 NPO @ 250-800 nm @ndzUȮţ-4j@ ?ū-
: 1 /10 ̡@ 10 % SDS solution Uā"N'ǁƱ-ĠȄ?ndzUȮţ-
4ĠȄ@ǃÍUL!¡ƅʥP̃-jª SDS ȹƅU final 2 %<-:
ndzUȮţ-4jU 100  5 min Z-ĠȄ?ndz
UȮţ-4͎*@<&ndz d% 445 nm <>7: Q*<Uɮ˥/
Q ͏Ğndz÷ǳǜ?A 600, 700, 800 nm @Ħçț̩LȮţ-Base line
UˏȊ/QÁ¤@ǃÍ?NPtd˲ʚğ FMN Utd˲NP˙̻,1
QndzȮţ@H<KU Table 3-3-2 ?ɰ/˙ ̻-4ǜ@ FMN ȹƅ<
td˲<ʚğ-: Qǜ@Ħçƅ@ź$O÷ŝĦçÔǌUʇö/Q




Table 3-3-2. Aummary of actual values for each step of extinction coefficient calculation. 










+2 % SDS 
(vol. adjust.) 
+2 % SDS 
5min boil 




Abs 800 nm 0.001 0.002 0.002 0.000 0.000 0.002 0.002 
Abs 700nm 0.002 0.005 0.006 0.000 0.000 0.002 0.002 
Abs 600nm 0.003 0.003 0.003 0.000 0.000 0.002 0.002 
Base line 
Ave. 0.002 0.003 0.004 0.000 0.000 0.002 0.002 
Top peak 
WL (nm)  441 441 441 441 441 445 445 
Top peak 
Abs. 0.609 0.548 0.603 0.497 0.596 0.452 0.542 
Base line 
ajust 0.607 0.545 0.599 0.497 0.596 0.450 0.540 
 




Abs 800 nm 0.014 0.012 0.012 0.010 0.010 0.002 0.002 
Abs 700nm 0.018 0.015 0.015 0.014 0.014 0.002 0.002 
Abs 600nm 0.020 0.020 0.020 0.019 0.019 0.002 0.002 
Base line 
Ave. 0.019 0.016 0.016 0.014 0.014 0.002 0.002 
Top peak 
WL  (nm) 441 441 441 441 441 445 445 
Top peak 
Abs. 0.963 0.869 0.956 0.796 0.955 0.695 0.834 
Base line 
ajust 0.944 0.853 0.940 0.782 0.941 0.693 0.832 
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Table 3-3-3. Calculation of extinction coefficient of NPO 
  Abs at top peak 
Extinction coefficient 
 
No treatment After treatment 
1st 0.607 0.540 13714 
2nd 0.944 0.832 13842 




ʚğ@ţ̡÷ǳ?NP NPO <ʚğ-: QA FMN
;Q*<%ǚO$<>74͎data not shown ͏ţ̡÷ǳ?Ð-4














Tricine͎DOJINDO͏/NaOH͎pH 7.0͏   50mM  
Bis-Tris͎DOJINDO͏/HCl ͎pH7.0͏   15 mM 
CBB G-250͎BioRAD͏   0.02 % 
 
 CBB G-250 Ȩā̿ Ȩā;Íː-3R3R 300 ml ɷ˪ː/RBĊ÷ 
 
Anode buffer 
 Bis-Tris/HCl ͎pH7.0͏   50 mM 
 
300 m F=Íː/RBĊ÷ 
 
Sample buffer 
CBB G-250     5%(w/v) 
6-aminocaproic acid    500 mM 
Bis-Tris/HCl (pH7.0)    100 mM  
PMSF     1mM 




2. Blue Native PAGE ?NQ÷ŝ̡Ȯţ 
 Sample ?ū-: 1 / 10 ̡@ sample buffer Uā"Ȕ¤; 5 min ̾ʦ-
4Sample U 5 -20 % em]zg͎e-PAGEL ATTO ɱ͏?X
Z-100 V @ţ̽ĺ; 2 h ȝĄ-4Marker A HMW Native marker Kit 
͎GE nfXɱ @͏L@Uɑ 4ʂ£ʉ Cathode buffer U CBB @ĥ






BN-PAGE ?NP NPO @ǚɧ>{U˗Ū-4͎Figure 3-3-4A ͏
Marker @{UēɁ?g¤̚$O@ȝĄ˶̻<td˲÷ŝ̡
Uɑ :ǿ̡ʡUÍː-4͎Figure 3-3-4B ͏¥̰@ǿ̡ʊĸŏ;A7

























Figure 3-3-4. BNPAGE and molecular calibration of NPO.  
 103 
 
ʂì̓ł˲?ū/Q Km kcat @ʇö 
1. ˣ˄@˪ː 





 NADH U 5, 10, 20, 50, 100 M ǮÃ¥;@25 ?#(Q NADH 
oxidase ȠƝUȮţ-4÷ç˜͎HITACHI U3310͏Uɑ : 340 nm
@ȫůUȮţ-1 ɴ4P@̜ʔ 1 ÷ŝ@ȠƝªƗ4P@Ķ˺
ɋUȠƝÝ (Tn)<-4ȮţA 3 ĶʥP̃-4 
 
2-2.NADPH 
 NADPH U 5, 10, 20, 50, 100 M ǮÃ¥;@25 ?#(Q
NADPH oxidase ȠƝUȮţ-4÷ç˜͎HITACHI U3310͏Uɑ 
: 340 nm @ȫůUȮţ-1 ɴ4P@̜ʔ 1 ÷ŝ@ȠƝªƗ4
P@Ķ˺ɋUȠƝÝ (Tn)<-4ȮţA 3 ĶʥP̃-4 
 
2-3. FAD 
 FAD U 10, 20, 40, 80, 160 M ǮÃ¥;@25 ?#(Q FAD 
reductase ȠƝUȮţ-4ȠƝAŜȒbwzUɑ :ŜȒ¥;
Ȯţ-4÷ç˜͎HITACHI U3310͏Uɑ : 450 nm @ȫůUȮţ
-1 ɴ4P@̜ʔ 1 ÷ŝ@ȠƝªƗ4P@Ķ˺ɋUȠƝÝ 
(Tn)<-4ȮţA 3 ĶʥP̃-4 
 
2-4. FMN 
 FMN U 10, 20, 40, 80, 160 M ǮÃ¥;@25 ?#(Q FMN 
reductase ȠƝUȮţ-4ȠƝAŜȒbwzUɑ :ŜȒ¥;
Ȯţ-4÷ç˜͎HITACHI U3310͏Uɑ : 445 nm @ȫůUȮţ
-1 ɴ4P@̜ʔ 1 ÷ŝ@ȠƝªƗ4P@Ķ˺ɋUȠƝÝ 
(Tn)<-4ȮţA 3 ĶʥP̃-4 
 
2-5. Oxygen 
 ̝ʔUɑ : 3, 5, 10, 21, 50 %̝ʔȹƅ?ȥɤʦƿ-4ŜȒ
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bwz;25 ?#(Q NADH oxidaseȠƝUȮţ-4÷ç




2-6. Oxygen͎8M FADŞĻ¥͏ 
̝ʔUɑ : 3, 5, 10, 21, 50 %̝ʔȹƅ?ȥɤʦƿ-4ŜȒb
wz;25 ?#(Q 8 M FADŞĻ¥;@ NADH oxidaseȠ
ƝUȮţ-4÷ç˜͎HITACHI U3310͏Uɑ : 340 nm@ȫůU
Ȯţ-1 ɴ4P@̜ʔ 1 ÷ŝ@ȠƝªƗ4P@Ķ˺ɋUȠƝ
Ý (Tn)<-4ȮţA 3ĶʥP̃-4 
 
3. y t˙ǳ 
ȠƝȮţy tA Sigma Plot 12 ͎HULINKSɱ͏Uɑ :˙ǳ-4
km, kcat@ʇö?AMichaelis-Menten kineticsUƺɑ-4 
 
4. ʚǵ 
Ğł˲D@ Km, kcat @H<KU Table 3-3-4 ?ɰ/Ğł˲?ū/Q
Michaelis-Menten kineticsU Figure 3-3-5,6,7,8,9,10?ɰ/ 
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Table 3-3-4. Summary of Km and kcat to each substrats. 
  Substrate 
 
NADH NADPH FAD FMN Oxygen Oxygen (with 8µM FAD) 
km ( µM ) 0.990 6.010 485.6 811.7 1300 12.30 















1. GY Łļ@˪ː 
 ʂ¡ʀ ʂµʉ ʂ¡̓ ?Ȳ.:ŁļUÍː/Q 
2. Ł͊̹ˀ 




 k˙ǳ@ƫȚAʂ¡ʀ ʂµʉ ʂµ̓?Ȳ.:ˉ NPO @
 AĠʀ ʂµʉ ʂ¡̓;Íː-4 NPO ̗Æŝé̛̩øUɑ 4 
 
1. ʚǵ 
NPO  k˙ǳ@ʚǵ<Î1:nox1, prx @ k˙ǳ@ʚǵU
Figure 3-4-1 ?ɰ/npo, nox1, prx A/E:ŕȒǮÃ¥;˺ñ˦ŭ%˗Ū
,R4H4nox1, prx %̝ʔȨā 10 min ;˺ñ˦ŭ,RQ@?ū-:




















0 10 21 4021S (%)
- 1.1 kbp
O2 conc.






d˲ȹƅU Bradford Ț?NPȮţ/Q 
 
2. wxYe 








 Lumi-Light Blotting Substrate͎ROCHE ɱ͏Uɑ :Ćşˇç?NQ




[\ntwxYeʚǵU Figure 3-4-2 ?ɰ/  
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0 5 10 30(min) 0 10 21 4021S (%)
O2 conc.
Figure 3-4-2.  
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ʂ¶ʉŮƳ 
ǫʀ;Aɏɍɞ>̻̏ FAD 8M ǮÃ¥;̝ʔÀˮȠƝUǥ/
Q̜ʔ@ƻʕUˣINox Áŏ? NPO Uʎː-4NPO A BLAST ˙ǳ@ʚǵ
Bacillus cereus G9241 @ nitro reductase family protein < 66 %@ɤĠƝUǥ-: 4
-$-BLAST ˙ǳ;wz-4td˲ª?ȇʳ%ǚO$>L@AȾ'
ȇʳǩɨ̜ʔ<ƽţ-4ł˲ɇɚƝ@ǿ˝@ʚǵFAD, FMN, riboflavin, 
nitrofrazon, menadione, DCIP ?ū-:ȠƝUǥ-: 4Nitrofrazon A nitro 
reductase @Àˍɞ>ł˲;Q?L$$TO0ȠƝAÊ$74dxX?
# :ɨ˔@Q nitro reductase Aőʶˀ@ NfsA, NfsB %ɨOR: Q[25]*
<$OȠƝUȏ˼-4ȏ˼@H<KU Table 3-5-1 ?ɰ/ȠƝ@áĢA*
ROtd<Aɚ>7: 4*<?ā"A. xylanus AĬĦ̧UȈŖ-: Q
*<$Ob (menadione) D@ėƚƝ%͍'<LĬĦ̧D@̭§A>  
 
Table 3-5-1. Substrate specificity of NPO compared to NfsAB 
from Escherichia coli. 
  Enzyme 
e- donor e- acceptor NPO NfsA NfsB 
NADH 
Flavins       
FAD 3.25 (±0.12) 3 1 
FMN 2.39 (±0.13) 1 1 
Miscellaneous 
   DCIP 68.95 (±1.76) 27 2 
Quinones 
   Menadione 652.01 (±8.36) 24 60 
Nitrocompounds 
   Nitrofrazon 0.27 (±0.03) 73 13 
Nitrobenzene ND 52 94 
Nitrophenol ND 0.5 0.1 
Nitrosobenzene ND - - 
Oxygen 
   O2 0.18 ( ± 0.01 ) - - 





*RA Nox, Prx<í̈-: Q (Figure 3-4-1, 3-4-2)̝ ʔȨāƑ@ʙǜɞ>j
e$O@˺ñA 10 min;ǣL˺ñ%˦ŭ,RQ Nox, Prx<Aɚ>P30 
min;ǣL˺ñ˦ŭ,R4**$ONox<Aɚ>Q̝ʔÀˮƚʅUƽŪ-:
 Q̝ʔnznD@ƚʅ% Nox, Prx<ȏ˼-:̎RQ*<$O̝ʔÀˮ?
Ǖ(Q Nox@ˏĂɞ>ȇʳUʫŪ-: Q̝ ʔnzn?NPɏ.Qµȉɞ>
ƚʅʙ@̭§LĤţ;&>  
Á¤@˙ǳNPǫ̜ʔA A. xylanus?# :̻̏%̭§/Q̝ʔÀ
ˮȠƝ?̭§/Q*<%ɰİ,R4 
˚śăɋ@˗ȼ$O Nox <ȏ˼/Q<NPO Ȁ̻ŞĻ¥;@̝ʔ
ÀˮȠƝ% Nox@ 1 / 15;Q*<%˔ 5,R4 (Figure 3-4-3)ā":ʎː
1 st column ;@ȠƝ d÷ɕƑ@ȠƝÝ@ȏ˼NPNox UĥJɕ÷@ǔ%




ʂĵʀAmphibacillus xylanus @ NADH oxidase- Prx ʐ@˙ǳ 
 
Ƅˬ 
NADH oxidase͎ Nox  ͏ -Prx ʐA A. xylanus ʖʲî;̝ ʔÀˮ̐ ̝ĆɆ÷˙
̝Ć̘änUư!˓̜ʔʐ<-:ƽţ,R: Q[26]NADH oxidase –Prx
ʐ@̝̐ĆɆ÷˙ėƚAùėƚ;Q NADH @̝Ć͎Nox ª@ˏķŝ;Q
FAD @̘ä ė͏ƚ%ʑ 200 sec-1 ;̌ˉ/Q@?ū-µtd˲̬@ĵŢʳł
%̭§-4ėƚ?L$$TO0̝̐ĆɆ÷˙ėƚ% 150  180 sec-1 ;̌ˉ/
Q (Figure 4-0-1) < !̜ʔėƚ@̰ɖ?̂ ͍̉;̌ˉ/QǫėƚAĞ
@td˲̬@mnY{ʚğU½-4̽ŝÆ̑?NP̌ˉ/Q͍ ̉>ė
ƚUĚʳ?/QȽ?A*RO@ȠƝªƗ@̂Ƽ%̟˓;PȠƝªƗ@̂Ƽ?
Aµtd˲̬@ˑğÌ@ƌƧ%̦;Q<ʫŪ-NADH oxidase- Prx @ˑ
ğÌ˙ǳ<ʚǟȃ̊˙ǳ%>,R:&4[4, 27, 28]*RH;?ˉTR4ˑğÌ˙
ǳ@ʚǵU Table 4-0-1 ?ɰ/*RH;@˙ǳ@ʚǵNox, Prx AˑğÌUƌƧ
/Q*<ˑ ğÌƌƧ?Aȹƅȏ<ŇƊƅ%̟˓;Q*<%ɰİ,R: 
Q-$->%O*RH;@˙ǳ;Aǚɮ>÷ŝ̡< Nox, Nox-Prx ˑğÌȃ̊
UȖţ;&:A > 2*;ǫʀ;AǓ4? Blue NativePAGE, ̾ɞçǊ°
Țȗ̯ƀˌȚUɑ 4÷ŝ̡˙ǳ< SAXS Uɑ 4ȃ̊ɞ>X v$O@


















Figure 4-0-1. Reaction mechanism scheme of Nox-Prx complex. 
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Table 4-0-1. Summary of previous analysis about Nox-Prx complex 
  Nox : 2mer (kDa) Prx  : 10 mer (Kda) Complex (kDa) KD 
Theoretical value 109.954 207.74 ? ? 
     MW analysis 
    
Surface Plasmon Resonance - - - 
24 ± 
7 
Dynamic Light Scattering  100  200  300 
 Analytical ultracentrifuge 
    Sedimentation Velocity - 153.272 - - 
Sedimentation Equilibrium 95.626 164.472 - - 
     Stracture analysis 
    














1. LB Łļ͎Amp+͏@Íː 
ʂ£ʀ ʂµʉ ʂ¡̓?Ȳ.: LB Łļ͎Amp+͏UÍː/Q 
 
2. Ł͊̹ˀɛɌɮ˥ 
 A. xylanus ɓǯ NADH oxidase ̗Æŝƌ˲˺ƿǹ͎ Escherichia coli JM109͏
U 3 m LB Łļ͎ Amp+ ?͏͒ɝ̢{÷Ǿˀ-30 ˚C ; 14 ǜ̬170 
rpmƷ<!Ł͊-;ˀ˳*-U-4ˀ ˳*-ˀÌU 3 m LBŁļ͎ Amp+͏
?¡ɝ̢ʮ÷Ǿˀ-37 ˚C ; 1.5 ǜ̬170 rpm Ʒ<!Ł͊-4100 ml 
LB Łļ͎Amp͐ 1͏.5 L LB Łļ͎Amp͐͏nf Xw-O.D.660͖0.3
͗0.5 ; 100 mM IPTG U 200 ml Ȩā͎final 1 mM͏-37 ˚C ; 5 ǜ̬Ł
͊- NADH oxidaseIPTG Ȩā 
ýƑ; 1m ̹ˀ-IPTG ˦ɛUˉ74̹ˀAȔĴ;ʔǘ'òĐ-
BECKMAN ̓Ɨȇ (AvantiTM HP-25, Roter ID:JLA 10.500); 6,000 rpm5 
min4 ˚C ?:ˉ pH 7.0, 50 mM Na-pi buffer (1mM EDTA); 3 ĶȟȢ
-4ƑˀÌ̡̟@ 2 Ü̡@Ġ buffer ;Ʀȸ-ȥÌ N2 ?:ôʚƑÏɑ
/QH;͑80 ˚C ?:×Ş-4IPTG ɛɌɮ˥?NPɢɞ@÷ŝ̡@





͑80 ˚C @×ŞˀÌ 60 g Uȯȣ;˙ô-ˀ Ì%é:˙ô,RQɣý?
ˀÌ̡̟@ 2 Ł͊@ pH 7.0, 50 mM Na-pi buffer͎1 mM EDTA ĥǥ͏Uā
"4ʗȹƅ 10 mM, 1 mg / ˀÌ 1g ?>QN!? 500 mM EDTA <
lysozyme U2R3RȨā-DNase U̕Ƌ̡ȨāƑȔª¥;nt 
 ?NP 30 ÷̬ǁƱ-4French Press 30,000 psi͎AMINCO ɱː͏?:
140 Mpa ; 3 ĶˀÌɬɫUˉ74͒Ķɢ@ɬɫƑ?ʗȹƅ 2 mM @
PMSF @ċ÷̡UȨā-Ȕª?: 10 ÷ǁƱƑ͓Ķɢ@ɬɫƑ?é:@
PMSF UȨā-ĠȄ@ǃÍƑ? 3 Ķɢ@ɬɫUˉ74BECKMAN ̓Ɨ
ȇ (AvantiTM HP-25, Roter ID:JLA 10.500)Uɑ :16,800×g;30÷̬4 ˚C
;̓Ɨ÷̻-4¤ȷIUĶĘ-ðCBECKMAN̓Ɨȇ(Rotor ID: 45 Ti)
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Uɑ :100,000×g ; 2 ǜ̬ 4 ˚C ;̓Ɨ÷̻-ĚȳƝɕ÷@Ⱦʖʲ
ƯöȥU˪ː-4ƓOR4ȾʖʲƯöȥ@é̡?ū-: 1/3 ̡@ pH 
8.0,50mM Tris-Hcl ;˪ː-4 10 % (w/v)nzzZlɭ̝Ň
(Wako,ɏĆşɑ)UȨā-0.1N NaOH ; pH 7.0 ?˪ǎƑȔª; 30 ÷
̬ǁƱ-42@ƑBECKMAN ̓Ɨȇ (AvantiTM HP-25, Roter ID:JLA 
10.500)Uɑ : 16,800×g, 0 ˚C ; 30 ÷̬@̓ƗõɍUˉ ʵǺ̝õɍ
Uˉ74¤ȷIUnlu ;˜̡-ɭ̝X}[(Wako)
U 143 g/L ?>QN!?Ȩā-2.8%@X}Xȓ; pH 7.0 ?˪ǎƑ
Ȕª?: 30 ÷̬ǁƱ-4BECKMAN ̓Ɨȇ (AvantiTM HP-25, Roter 
ID:JA 25.50)Uɑ : 69,700×g, 0 ˚C ; 30 ÷̬@̓ƗõɍUˉ ɭ̝X
}[ȗȌUˉ74̓Ɨ¤ȩUĶĘ-ʍ̜ʔȥUƓ4 
 
2. 1 st column Butyl TOYOPEARL 650S 
ƓOR4ʍ̜ʔȥU pH 7.0, 50mM Na-pi buffer (1mM EDTA, 25 µM 
FAD, 143 g/L ɭ̝X}[ĥǥ);ƀˌĆ-4 Butyl-TOYOPEARL 
650s (φ32×520 mm, column volume 418 ml, Ǳr ɱː) ?Ð-Ġ buffer
;ȟȢƑ143 - 0 g/L ɭ̝X}[ĥǥ@Ġ buffer (1,000ml×2);
linear gradient elution Uˉ Foxy 200TM X-Y Fraction collector ?NPȳö
ɕ÷Uwp?ĶĘ-4ȳöɕ÷U SDS-PAGE ?Ð- NADH 
oxidase ɕ÷U̖ţ-4÷ɕ-4ȠƝɕ÷UĶĘ-5L @ pH 6.5, 50mM 
Na-pi buffer (1mM EDTA, 25 µM FAD); 4 ˚C @L< 4 ǜ̬@̆ǳõɍU 3
Ķˉ74̆ǳʷA 10,000 cut off @£çʒ˄ǹƇÅɱːUɑ ̆ǳª
A 30 ÷ȍ?¤¥?ǁƱ-4 
 
3. 2nd column DEAE sepharose Fast Flow 
 ʵŇ̆ǳõɍ-4ʍ̜ʔȥUĶĘ-BECKMAN ̓Ɨȇ (AvantiTM 
HP-25, Roter ID:JA 25.50)Uɑ : 69,700×g, 0 ˚C ; 30 ÷̬@̓ƗõɍU
ˉ ¤ȷIU pH 6.5, 50mM Na-pi (1 mM EDTA, 25 µM FAD) buffer ;ƀ
ˌĆȪI@ DEAE-sepharose Fast Flow column (φ26×640 mm, column 
volume 340 ml, GE helthcare ɱː)?Ð-4Ġ buffer ;ȟȢƑpH 6.5, 
50mM Na-pi (140 mM NaCl, 1 mM EDTA, 25 µM FAD) buffer ;ȟȢ-140 
mM – 250 mM NaCl ĥǥ@ĠwW (1,000 ml×2)@ linear gradient 
elution ?NPɢɞtd˲Uȳö,1Foxy 200Tm X-Y Fraction 




4. 3rd column HiLoad 26 / 60 Superdex 200 prep grade  
pH 7.0, 50 mM Na-pi buffer͎ 1 mM EDTAĥǥ ;͏ƀˌĆȪI@HiLoad 26 
/ 60 Superdex 200 prep grade ?Ð-ȡ̉ 1 ml / min Á¥@ǮÃ?:ȳöɕ
÷Uwp?ĶĘ-SDS-PAGE ?Ð-:ʎːʒƅ@ɮ˥Uˉ7
4ʒƅ@͍ ɕ÷UĶĘ-Amicon Ultra 30k͎MILLIPORE ɱ͏UÏ
ɑ-:ȹʤUˉ pH 7.0 50 mM Na-pi buffer D@ buffer ʦƿUˉ74
Á¤@ǃÍ?NP͍ ʒƅ> NADH oxidase Ď¡td˲ȅǫUęƓ-






1. LB Łļ͎Amp+͏@Íː 
ʂ£ʀ ʂµʉ ʂ¡̓?Ȳ.: LB Łļ͎Amp+͏UÍː/Q 
 
2. Ł͊̹ˀɛɌɮ˥ 
 A. xylanus ɓǯ Prx ̗Æŝƌ˲˺ƿǹ͎Escherichia coli JM109͏U 3 m 
LB Łļ͎Amp+͏?͒ɝ̢{÷Ǿˀ-30 ˚C ; 14 ǜ̬170 rpm Ʒ
<!Ł͊-;ˀ˳*-U-4ˀ˳*-ˀÌU 3 m LB Łļ͎Amp+͏?
¡ɝ̢ʮ÷Ǿˀ-37 ˚C ; 1.5 ǜ̬170 rpm Ʒ<!Ł͊-4100 ml LB
Łļ͎Amp͐͏1.5 L LB Łļ͎Amp͐͏nf Xw-O.D.660͖0.3͗
0.5 ; 100 mM IPTG U 200 ml Ȩā͎final 1 mM͏-37 ˚C ; 5 ǜ̬Ł͊
- NADH oxidaseIPTG Ȩā 
ýƑ; 1m ̹ˀ-IPTG ˦ɛUˉ74̹ˀAȔĴ;ʔǘ'òĐ-
BECKMAN ̓Ɨȇ (AvantiTM HP-25, Roter ID:JLA 10.500); 6,000 rpm5 
min4 ˚C ?:ˉ pH 7.0, 50 mM Na-pi buffer (1mM EDTA); 3 ĶȟȢ
-4ƑˀÌ̡̟@ 2 Ü̡@Ġ buffer ;Ʀȸ-ȥÌ N2 ?:ôʚƑÏɑ
/QH;͑80 ˚C ?:×Ş-4IPTG ɛɌɮ˥?NPɢɞ@÷ŝ̡@






͑80 ˚C@×ŞˀÌ 60 gUȯȣ;˙ô-ˀ Ì%é:˙ô,RQɣý?
ˀÌ̡̟@ 2Ł͊@ pH 7.0, 50 mM Na-pi buffer͎1 mM EDTAĥǥ͏Uā
"4ʗȹƅ 10 mM, 1 mg / ˀÌ 1g ?>QN!? 500 mM EDTA <
lysozyme U2R3RȨā-DNase U̕Ƌ̡ȨāƑȔª¥;nt 
 ?NP 30÷̬ǁƱ-4French Press 30,000 psi͎AMINCOɱː͏?:
140 Mpa ; 3 ĶˀÌɬɫUˉ74͒Ķɢ@ɬɫƑ?ʗȹƅ 2 mM @
PMSF@ċ÷̡UȨā-Ȕª?: 10÷ǁƱƑ͓Ķɢ@ɬɫƑ?é:@
PMSF UȨā-ĠȄ@ǃÍƑ? 3 Ķɢ@ɬɫUˉ74BECKMAN ̓Ɨ
ȇ (AvantiTM HP-25, Roter ID:JLA 10.500)Uɑ :16,800×g;30÷̬4 ˚C
;̓Ɨ÷̻-4¤ȷIUĶĘ-ðCBECKMAN̓Ɨȇ(Rotor ID: 45 Ti)
Uɑ :100,000×g; 2ǜ̬ 4 ˚C;̓Ɨ÷̻-ĚȳƝɕ÷@Ⱦʖʲ
ƯöȥU˪ː-4ƓOR4ȾʖʲƯöȥ@é̡?ū-: 1/3 ̡@ pH 
8.0,50mM Tris-Hcl ;˪ː-4 10 % (w/v)nzzZlɭ̝Ň
(Wako,ɏĆşɑ)UȨā-0.1N NaOH; pH 7.0?˪ǎƑȔª; 30÷
̬ǁƱ-42@ƑBECKMAN̓Ɨȇ (AvantiTM HP-25, Roter ID:JLA 
10.500)Uɑ : 16,800×g, 0 ˚C; 30÷̬@̓ƗõɍUˉ ʵǺ̝õɍ
Uˉ74¤ȷIUnlu ;˜̡-ɭ̝X}[(Wako)
U 143 g/L?>QN!?Ȩā-2.8%@X}Xȓ; pH 7.0?˪ǎƑ
Ȕª?: 30 ÷̬ǁƱ-4BECKMAN ̓Ɨȇ (AvantiTM HP-25, Roter 
ID:JA 25.50)Uɑ : 69,700×g, 0 ˚C; 30÷̬@̓ƗõɍUˉ ɭ̝X
}[ȗȌUˉ74̓Ɨ¤ȩUĶĘ-ʍ̜ʔȥUƓ4 
 
2. 1 st column Butyl TOYOPEARL 650S 
ƓOR4ʍ̜ʔȥU pH 7.0, 50mM Na-pi buffer (1mM EDTA, 25 µM 
FAD, 143 g/L ɭ̝X}[ĥǥ);ƀˌĆ-4 Butyl-TOYOPEARL 
650s (φ32×520 mm, column volume 418 ml, Ǳr ɱː) ?Ð-Ġ buffer
;ȟȢƑ143 - 0 g/L ɭ̝X}[ĥǥ@Ġ buffer (1,000ml×2);
linear gradient elutionUˉ Foxy 200TM X-Y Fraction collector?NPȳö
ɕ÷Uwp?ĶĘ-4ȳöɕ÷U SDS-PAGE ?Ð- NADH 
oxidaseɕ÷U̖ţ-4÷ɕ-4ȠƝɕ÷UĶĘ-5L@ pH 6.5, 50mM 
Na-pi buffer (1mM EDTA, 25 µM FAD); 4 ˚C@L< 4ǜ̬@̆ǳõɍU 3
Ķˉ74̆ǳʷA 10,000 cut off@£çʒ˄ǹƇÅɱːUɑ ̆ǳª
A 30÷ȍ?¤¥?ǁƱ-4 
 
3. 2nd column DEAE sepharose Fast Flow 
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ʵŇ̆ǳõɍ-4ʍ̜ʔȥUĶĘ-BECKMAN ̓Ɨȇ (AvantiTM 
HP-25, Roter ID:JA 25.50)Uɑ : 69,700×g, 0 ˚C; 30÷̬@̓ƗõɍU
ˉ ¤ȷIU pH 7.0, 25 mM K-pi buffer (1mM EDTA);ƀˌĆȪI@
DEAE-sepharose Fast Flow column (φ26×640 mm, column volume 340 ml, GE 
helthcareɱː)?Ð-4Ġ buffer;ȟȢƑpH 7.0, 250mM K-pi buffer
;ǡ?ȟȢ-250 mM – 300 mM NaClĥǥ@ĠwW (1,000 ml×2)
@ linear gradient elution ?NPɢɞtd˲Uȳö,1Foxy 200Tm 
X-Y Fraction collector?NPĶĘ-4ȳöɕ÷U SDS-PAGE?Ð- Prx
ɕ÷U̖ţ-4 
 
4. 3rd column HiLoad 26 / 60 Superdex 200 prep grade 
pH 7.0, 50 mM Na-pi buffer͎ 1 mM EDTAĥǥ ;͏ƀˌĆȪI@HiLoad 26 
/ 60 Superdex 200 prep grade?Ð-ȡ̉ 1 ml / minÁ¥@ǮÃ?:ȳöɕ
÷Uwp?ĶĘ-SDS-PAGE ?Ð-:ʎːʒƅ@ɮ˥Uˉ7
4ƓOR4ɕ÷AApollo High-Performance Centrifugal Concentrators 
MWCO 9 kDa͎Orbital Biosciencesɱ͏UÏɑ-:ȹʤ-4Á¤@ǃÍ

































Figure 4-1-1. SDS PAGE of purified NADH oxidase and 
Peroxiredoxin by E. coli JM 109. 
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ʂ£ʉNADH oxidase- Prx ˑğÌ÷ŝ̡Ȯţ 
 
ʂ¡̓Blue Native PAGE ?NQ˙ǳ 
1. ˣ˄@˪ː 
 ʂ£ʀ ʂ£ʉ ʂ¶̓?Ȳ.:ˣ˄U˪ː/Q 
 
2. j@˪ː 
Nox, Prx, Nox/Prx U 13, 65, 13/64 M <>QN!?ɭ̝X}[ȹ
ƅ 0, 300, 600 mM ĥǥ@ pH 7.0 50 mM HEPES buffer ?Ʀȸ/Q͎ ˜ 9 j
 ͏ȹƅ˪ǎ?A÷ç˜Uɑ :Nox: 450 nm = 13,500, Prx: 
280 nm = 25,800 Uł?ʇö-4˪ːj@ˤʖU Table 4-3-1 ?ɰ
/ 
 
Table 4-3-1. Sammary of the samples condition. 
  AS conc. 'mM(in pH 7.0 50 mM HEPES buffer 
 
0 300 600 
Nox'µM( 13 13 13 
Prx'µM( 65 65 65 
Nox/Prx 'µM( 13/65 13/65 13/65 
 
3. ̽ȒȝĄ 
 ʂ£ʀ ʂ£ʉ ʂ¶̓?Ȳ.:ȝĄ/Q 
 
4. [\ntwxYe 
ȝĄƑ@gU PVDF ʷ͎Immun-Blot PVDF Membrane For Protein 
Blotting, Bio RAD ɱ ?͏wxYe-Nox, Prx ƭÌUɑ :[\n
twxYe?Ð-4[\ntwxYeƫȚAʂ£ʀ









Ì<ƭđƭÌėƚUɰ-4͎ Figure 4-3-1BCD ͏ėƚ÷ŝ̡ ` @÷
ŝ̡<ȝĄ˶̻$O÷ŝ̡U˜ʇ/Q<ʑ 311 kDa <ʇö,R4


















































































ʂµ̓Static Light Scattering ?NQ˙ǳ 
 
1. j@˪ː 
 Nox, Prx U 300 mM AS ĥǥ pH 7.0 50 mM HEPES buffer ;̆ǳ/Q̆ǳ?
Ăǳ`pwz͎Thermo scientific ɱ͏Uɑ :̆ǳ-4̆ǳƑ Nox, Prx U
mg / ml ?˪ǎ/Qȹƅ˪ǎ?A÷ç˜Uɑ :Nox: 450 nm = 13,500, 
Prx: 280 nm = 25,800Uł?ʇö-4ȹƅ˪ǎ-4Nox, Prx<̆ǳŏȥ buffer 

















Figure 4-3-2. Calibration curve of MW marker by BN PAGE. Red: Thyroglobulin:660 kDa, Blue: Ferritine 




ȏ@˟ţ% 1:1͎Figure 4-3-3͏NPL 2:1͎Figure 4-3-4͏@ǔ%NPÊ `Zµ
®ţǌ (Chisqr)Uɰ-ʼ YwxYeUɰ-43:1͎Figure 4-3-5͏?˟
ţ-4<&@YwxYeA 2:1 ˟ţNPLƞ'>74ĞǮÃ;@Yw
xYeʚǵ@H<KU Table 4-3-2?ɰ/*RNPNox : Prx @ʚğȏA
2:1;Q*<%ɰİ,RQ*@YwxYeǮÃǜ@ Nox, Prx÷ŝ̡A2





Table 4-3-2. Summary of SLS results. 
  Nox (2mer) : Prx (10mer)  
 
1 : 1 2 : 1 3 : 1 
ChiS qr 1.23 × 10-1 3.01 × 10-2 4.09 × 10-2 
MW 
   Nox (kDa) 106.5 105.9 105.8 
Prx (kDa) 200.2 201.7 202.3 






Figure 4-3-3. Nox(2mer) : Prx (10mer)U 1:1@ǮÃ;@ Calypso ˜ʇʚǵ  
Figure 4-3-4. Nox(2mer) : Prx (10mer)U 2:1@ǮÃ;@ Calypso ˜ʇʚǵ  
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Figure 4-3-4. Nox(2mer) : Prx (10mer)U 3:1@ǮÃ;@ Calypso ˜ʇʚǵ  
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ʂ£̓Short column Sedimentation equilibrium ?NQ˙ǳ 
 
1. j@˪ː 
Nox, Prx ȳȥU 300 mM ɭ̝X}[ĥǥ pH 7.0 50 mM HEPES buffer ;
̆ǳ/Q̆ǳƑ? Nox, Prx U÷ŝĦçÔǌ͎450, 280 = 13,600, 25,800͏Uɑ
 :2R3R 0.25, 0.4 mg / m<>QN!?˪ː/Q˪ː-4 Nox, Prx U 
Nox : Prx= 0 : 1, 0.9 : 0.1, 0.8 : 0.2, 0.7 : 0.3, 0.6 : 0.4, 0.5 : 0.5, 0.4 : 0.6, 0.3 : 0.7, 0.2 : 




͂ 4˪ ː-4jU̓Ɨȇ Optina XL-I (Beckman-Coulter, 8 hole An-50Ti 
rotor, Charcoal-Filled Epon double sector centerpiece and quartz windows)?pwz-
7,100 rpm 20 h, 10,500 rpm 16 h, 13,000 rpm 16 h ;̓Ɨ-4 
 
3. ʚǵ 




Nov 27, 2013 
I have modified the model for the dependence of signal-average buoyant mass upon 
composition to eliminate the arbitrary relation between “real” and buoyant masses of A 
and B. The annotated model is shown below. 
------------------------------------------------ 
function y = xf_bivalentAPlusB_bMw_fA_Nov27(mode,P,x) 
% x = fA (vol fraction of solution of conc wA) 
% y = signal-av bMW 
% P(1) = wA (constant) - w/v concentration of stock solution of A 
% P(2) = wB (constant) - w/v concentration of stock solution of B 
% P(3) = MA 
% P(4) = MB 
% P{5) = fAcomp - fraction of competent A 
% P(6) = fBcomp - fraction of competent B 
% P(7) = log K1 
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% P(8) = K2/K1; 
% P(9) = alpha (cooperativity factor) 
global npars parname 
global cAcompt cBcompt K1 K2 alpha 
if mode==0 %---------------- parameter names and setup calcs --------------------- 
npars = 9; 
parname = {'wA(constant)','wB(constant)','MA','MB','fAcomp','fBcomp','log K1 
(M^-1)','K2/K1','alpha'}; 
   y = zeros(size(x)); 
else 
% -------------------- function calcs --------------------------------- 
    % epsA = .209;  % per micromolar Nox dimer 
    % epsB = .260;  % per micromolar Prx decamer; 
epsA = 1.9; 
epsB = 1.18; 
wAsoln = P(1); 
wBsoln = P(2); 
MA = P(3);   % Nox dimer 
MB = P(4);  % Prx decamer 
bMA = .245*MA; 
bMB = .245*MB; 
fAcomp = P(5); 
fBcomp = P(6); 
K1 = 10^P(7); 
K2 = P(8)*K1; 
 % buoyant mass calc uses measured value of density 
 % increment 
 % same as above 
 % mass fraction of A competent to bind 
 % mass fraction of B competent to bind 
 % association constant for binding to site 1 
% association constant for binding to site 2 
% per g/l Nox 
% per g/l Prx 
% w/v concentration of A (Nox) in solution A 
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% w/v concentration of B (Prx) in solution B 
alpha = P(9);   % cooperativity factor for interaction between 2 
fA = x; 
% binding sites 
% the next two statements ensure that fA will remain 
% within range of the numerical equation solver 
inrange = (fA > 0) & (fA < 1); 
fA = inrange.*fA + (fA <= 0).*1e-10 + (fA >= 1).*(1 - 1e-10); 
wAtotal = fA*wAsoln; 
wBtotal = (1-fA)*wBsoln; 
% calculation of the concentrations of competent and incompetent A 
and %B wAcomp = fAcomp*wAtotal; wBcomp = fBcomp*wBtotal; 
wAincomp = wAtotal - wAcomp; 
wBincomp = wBtotal - wBcomp; 
cAincomp = wAincomp/MA; 
cBincomp = wBincomp/MB; 
cAcomp = wAcomp/MA; 
cBcomp = wBcomp/MB; 
cA = zeros(size(x)); 
% numerical solution of the conservation of mass equations for the 
% concentration of free competent “monomer” of A 
for i = 1:length(x) 
    cAcompt = cAcomp(i); 
    cBcompt = cBcomp(i); 
    % call the MATLAB numeric equation solver to obtain the root of the 
    % function ‘solvecA’ which satisfies conservation of mass equations 
    cA(i) = fzero(@solvecA,[0 cAcompt]); 
end 
% calculation of the concentrations of remaining species 
cB = cBcomp./(1 + (K1 + K2)*cA + alpha*K1*K2*cA.^2); 
cAB1 = K1*cA.*cB; 
cAB2 = K2*cA.*cB; 
cA2B = alpha*K1*K2*cA.^2.*cB; 
% calculation of total monomeric A and B (competent and incompetent) 
cAtot = cA + cAincomp; 
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cBtot = cB + cBincomp; 
% calculation of the signal average buoyant mass 
num = MA*epsA*cAtot*bMA + MB*epsB*cBtot*bMB + ... 
       (MA*epsA + MB*epsB)*(cAB1 + cAB2)*(bMA + bMB) + ... 
       (2*MA*epsA + MB*epsB)*cA2B*(2*bMA + bMB); 
den = MA*epsA*cAtot + MB*epsB*cBtot + ... 
       (MA*epsA + MB*epsB)*(cAB1 + cAB2) + ... 
       (2*MA*epsA + MB*epsB)*cA2B; 
bMabsav = num./den; 
y = bMabsav; 
end 
% --------------------------------------------------------------------------- 
function y = solvecA(x) 
% the root of this equation is the value of competent monomeric A that 
% satisfies the conservation of mass equations 
% x = cAcomp 
    global cAcompt cBcompt K1 K2 alpha 
    cBc = cBcompt./(1 + (K1 + K2)*x + alpha*K2*K2*x^2); 
    y = 2*alpha*K1*K2*cBc*x^2 + ((K1+ K2)*cBc + 1)*x - cAcompt; 
----------------------------------------------- 
This model was fitted to the composition-dependent buoyant masses derived from 
the data obtained from the last scans performed at 7100 rpm. The solutions were 
centrifuged at 7100 rpm for the longest time, and I believe that these gradients are the 
closest to true equilibrium gradients. The results of the modeling are shown below: 
BEST FIT PARAMETERS  
P(1): wA(constant) = 0.25 (CONSTRAINED)  
P(2): wB(constant) = 0.4 (CONSTRAINED) 
P(3): MA = 109442.3913 
P(4): MB = 189228.8385 
P(5): fAcomp = 1 (CONSTRAINED)  
P(6): fBcomp = 1 (CONSTRAINED)  
P(7): log K1 (M^-1) = 5.1591  
P(8): K2/K1 = 0 (CONSTRAINED)  
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P(9): alpha = 0 (CONSTRAINED)  
Best fit WSSR: 15489111.0195 DOF: 9 
4 
4.5 4 3.5 3 2.5 
assumed fully competent assumed fully competent 
1:1 model, no binding to second site same 
Data set 1: signal_av_buoy_mass_7100rpm.uda 5 x 10 
 
 
Relative goodness of fit as functions of the values of each adjustable parameter: 
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The 50% values correspond to + or – 1 standard error of estimate. So we could state 
that MA = 109,400 ± 8000, MB = 189,200 ± 8000, and log K = 5.2 +0.2, -0.4, where 
the indicated uncertainties correspond to ± one standard error of estimate. 
 




ʂĵʉNADH oxidase- Prx ˑğÌ˙ǳ 
ʂ¡̓NADH oxidase @ʚǟȃ̊˙ǳ 
1. ʚǟȃ̊˙ǳ 
Nox ʚǟȃ̊˙ǳAŔʼæʁőş̱őş ȃ̊ɏɆşɪɻŦ ć̠ßĂǉƹ

























Figure 4-4-1. Crystallization and X-ray diffraction of A. xylanus NOX. A: Crystals of A. xylanus NOX wild-type. 
Crystallization screening was carried out by the vapor-diffusion method at 20˚C using commercial screening kits 
(Hampton Research and Nextal Biotechnologies), where NOX was mixed in a 1:1 ratio with the reservoir 
solution. Optimized crystallization condition included 26% (w/v) polyethylene glycol 1000, 0.2 M magnesium 
acetate, and 0.1 M Bis-Tris-HCl (pH 6.9). B: X-ray diffraction image taken at the SPring-8 beamline BL44XU. 
C,D: Crystal structure of A. xylanus NOX dimer. The NTD (green), shown with its redox-active dithiol 
(Cys128-Cys131), is connected by the flexible linker (yellow) to the FAD domain (blue), and the NADH/SS 
domain (pink) is depicted with its redox-active disulfide (Cys337-Cys340). The bound flavin cofactor in the FAD 
domain is also shown. 
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ʂµ̓Small Angle X-ray Scattering ?NQˑğÌȃ̊˙ǳ 
 
1. j@˪ː 
Nox, Prx ȳȥU 300 mM ɭ̝X}[ĥǥ pH 7.0 50 mM HEPES buffer <
pH 7.0 50 mM HEPES buffer ?:©td˲Uû?̆ǳ/Q̆ǳƑ? Nox, 
Prx U÷ŝĦçÔǌ͎ 450, 280 = 13,600, 25,800 U͏ɑ :2R3R 14.3 mg / m
<>QN!?˪ː/QNox, Prx U 1 : 1, 1 : 5 <>QN!?ȧğ/Q͎ȧğj
LȹƅA 14.3 mg / m<>QN!?/Q ͏Á¤@j?ā"0.43
m Yt ;Ⱥ̐ȪI@ buffer UÍː/QéÍːj@H<KU
Table 4-4-1 ?ɰ/ 
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Table 4-4-1. Summary of SAXS samples. 
No. Sample 




Exposure time  
(min) Set number 
Total exposure time 
 (min) 
1 pH 7.0 50 mM HEPES - 30 15 12 180 
2 Complex 5:1 14.3 30 15 8 120 
3 Complex 1:1 14.3 30 15 8 120 
4 Prx 14.3 30 15 12 180 
5 Nox 14.3 30 15 12 180 
6 
pH 7.0 50 mM HEPES 
 containing 300 mM AS 
- 30 15 12 180 
7 Complex 5:1 AS 14.3 30 15 12 180 
8 Complex 1:1 AS 14.3 30 15 12 180 
9 Prx AS 14.3 30 15 12 180 
10 Nox AS 14.3 30 15 12 180 
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2. Small Angle X-ray Scattering ˙ǳ 
**$O@ť͌AǹƇÅɱ Rigaku ?:ǲǫŶȑ<ˉ74˪ ː-4j
U̓ƗwlƑ? Bio SAXS-1000Dˎň-Ȯţ-4ȮţƑSAXSLab U
ɑ :ïĪƀľUˉ Primus (ATSAS)?N 

	ʢˋȥǊ°ǠʡUƈ&ʇ- ˲ɓǯ@Ǌ
°Ǡʡ@ʇöUˉ74Ğ X ʡǊ°ǠʡUɑ : Guinier ˙ǳUˉ
7˲@ XʡǊ°ǠʡNPʇö-4÷ŝ̡?ÑŞ/QđȼǊ
°Ɗƅ I(0)ƤƝċƏ()< DmaxU 
Gnom(ATSAS)Uɑ :˜ʇ-4˙ǳ?ɑ 4 ATSAS ʄ@eA




SAXSLab Uɑ :ïĪƀľUˉ Primus (ATSAS)?N 
	
ʢˋȥǊ°ǠʡUƈ&ʇ- 
˲ɓǯ@Ǌ°ǠʡU Figure 4-4-2?ɰ/ƓOR4Ǌ°ǠʡNP Guinier
wz˙ǳUˉ74ʚǵU Figure 4-4-3 ?ɰ/đȼǊ°Ɗƅ I(0)Ƥ ƝċƏ(
)<  Dmax(÷ŝ@ǣő̩ )U Table 




Table 4-4-2. Summary of beads modeling parameters. 
No. Sample Inertial radius ( Dmax ( I (0) 
1 Complex 5:1 33.7 (27.4) 122.5 0.13 (0.11) 
2 Complex 1:1 34.0 (27.9) 214 0.19 (0.19) 
3 Prx 30.4 (25.9) 115 0.09 (0.08) 
4 Nox 35.2 (29.2) 111 0.15 (0.11) 
5 Complex 5:1 AS 64.2 (64.3) 214 0.19 (0.19) 
6 Complex 1:1 AS 35.3 (27.9) 106.5 0.10 (0.06) 
7 Prx AS 47.2 (45.3) 121.5 0.21 (0.20) 
8 Nox AS 35.8 (35.5) 122 0.12 (0.12) 








Figure 4-4-2. X-ray Scattering curve of each sample. a: Prx, b: Prx AS, c: Nox, d: Nox AS,  
e: Complex 5:1, f: Complex 1:1, g: Complex 5:1AS, h: Complex 1:1AS 
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Figure 4-4-3. Guinier plot of each sample. a: Prx, b: Prx AS, c: Nox, d: Nox AS,  
e: Complex 5:1, f: Complex 1:1, g: Complex 5:1AS, h: Complex 1:1AS 
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Table 4-5-1. Summary of previous analysis about Nox-Prx complex 
  
Nox : 2mer 





Theoretical value 109.954 207.74 ? ? 
     MW analysis 
    
Surface Plasmon Resonance - - - 
24 ± 
7 
Dynamic Light Scattering  100  200  300 
 Analytical ultracentrifuge 
    Sedimentation Velocity - 153.272 - - 
Sedimentation Equilibrium 95.626 164.472 - - 
Short column Sedimentation 
Equilibrium 109.4423913 189.2288385   
Static Light scattering 105.9 201.7 413,5 7.08  
Blue Native PAGE    311  
Stracture analysis 

























ʂ¶ʀAmphibacillus xylanus @ŕȒÀˮʙ˷@ǿ˝ 
 
Ƅˬ 
*RH;@˙ǳ?NPA. xylanus @̝ʔÀˮA Nox- Prx ʐ<̻̏
NPO %̭§-: Q*<Uƽţ-Nox-Prx ʐ@͍̉ėƚȇȃ?8 :˙ǳUˣ
I:&4ǫʀ;A A. xylanus @̝ʔÀˮ?Ǖ :¬˓> Nox-Prx ʐ@¡ʻƕɏ
Ɇɖ?#(Q÷Ż˙ǳ<̗Æŝȏ˼˙ǳ$O A. xylanus @ǥ/Q̝ʔÀˮʐ?
 :ʫŪ/Q 
 





Nox-Prx ANox ?NQ̝ʔ̘ä< Nox, Prx %íĠ-4̝̐ĆɆ÷˙
ėƚU˚ś/Q*<%ɨOR: Q2*;ǫ˙ǳ;ANox-Prx Áŏ@
̝ʔÀˮ̐ ̝ĆɆ÷˙̜ʔʐ<-:ĬĦ̧H2O forming NADH oxidase, 
NADH peroxidase, Catalase @÷ŻLĠǜ?ƻʕ-4Ğ̜ʔ@ɇƖUÁ¥
?˚śėƚ@H<KU Table 5-1-1 ?ɰ/ 
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Table 5-1-1. Main oxygen-metabolizing enzyme system discussed in 
this section. 
 Enzyme or enzyme system Reaction Comments 
Catalase 
2H2O2→2H2O + O2 
Uses H2O2 as substrate, heme- or Mn–
catalase  
NAHD peroxidase 
H2O2 + NADH + H+ → 
2H2O + NAD+ Uses H2O2 as substrate  
H2O forming NADH oxidase 
O2 + 2NADH + 2H+ →  
2H2O + 2NAD+ H2O-producing NADH oxidase  
NADH oxidase 
O2 + NADH + H+ →  
H2O2 + NAD+ H2O2-producing NADH oxidase 
NADH oxidase (Nox)-AhpC(Prx) 
O2 + NADH + H+ → H2O2 + 
NAD+ Uses O2, and H2O2 and ROOH* as 




H2O2 + NADH + H+ →2H2O + 
NAD+ Uses H2O2 and ROOH* as substrate  
*Alkyl hydroperoxide.  
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1-1. Nox or AhpF – AhpC (Prx) 
AhpF-AhpC(Prx)A̝̐ĆXb÷˙̜ʔ<-: Salmonella enterica (Ĭ
Ħ̧`t qUǥ/Qe̳ƝŕȒƝˀ)  ?:Ġţ,R4[29]¡





1-2. Catalase, NADH peroxidase 
 Catalase AĬĦ̧Uǥ/QʞūŕȒƝˀ?# :ƃ'ŞĻ%ɨOR:
#P[31]̝̐ĆȓʔUȓ<̝ʔD÷˙/QėƚUʯÉÜ/QʞūŕȒƝ
ˀ?# :Aˏķŝ<-:U˓ȕ/QL@%¡ʻɞ5%¡̚@±̝
ˀ?# :A Mn Uˏķŝ<-:ʚğ/Q pseudocatalase @ŞĻLńĨ,R
: Q[32] 














ēɁ?̖ţ-4̖ţ-4dxXU Table 5-1-2 ?ɰ/ 
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Table 5-1-2. Selected bacteria in this analysis 
 Propety Bacteria 
Having a respiratory chain 
Obligate aerobic bacteria  
 















Salmonella enterica serovar 
Typhimurium 
Lacking a respiratory chain 






Lactococcus lactis subsp. lactis 
 
Sporolactobacillus inulinus  
 
Streptococcus agalactiae  
 








Lactobacillus delbrueckii  
 















Porphyromonas gingivalis  
 








Clostridium aminovalericum  
  Clostridium butyricum 
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3. ǐɊǿʕ 
ǐɊǿʕ?NQt gwz̜ʔ@ƻʕA Bergey’s Manual systemtic 













Table 5-1-3. Oxygen metabolizing and hydrogen peroxide scavenging enzymes in bacteria based on the published 
biochemical dataa. 
Strain 
O2 metabolism H2O2 scavenging Nox- or AhpF- Ahpc ( Prx ) 







reductase activity ( mU / 
mg ) 4 
Having a respiratory chain 
     
Obligately aerobic bacteria 
     
Bacillus subtilis 168 ND + ND 5 ND 
Pseudomonas aeruginosa NRIC 1114T ND + ND ND 1.1 
Xanthomonas campestris pv. phaseoli ND + ND 6 ND 
Alcaligenes faecalis NRIC 1001T ND + ND ND 14 
      
Facultatively anaerobic bacteria 
     
Bacillus licheniformis NRIC 1863 ND + ND + 46.4 
Escherichia coli NRIC 1509 ND + ND 7 7.4 
Salmonella enterica serovar Typhimurium 
NRIC 1851 
ND + ND 8 4 
Lacking respiratory chain 
     
Aerotolerant bacteria 
     
Amphibacillus tropicus DSM 1387T - - - 9 ND 
Amphibacillus xylanus JCM 7361T - - - 10 574.7 
Lactococcus lactis subsp. lactis NRIC 1149T  12 - 11 12 1 
Sporolactobacillus inulinus NRIC 1133T - - - 13 8.4 
Streptococcus agalactiae NEM316 ND - ND 14 ND 
Streptococcus mutans NBRC11713 15 - ND 16 ND 
Enterococcus faecalis ATCC 11700 18 P 17 ND ND 
Lactobacillus brevis DSM20054 19 - ND ND ND 
Lactobacillus delbrueckii subsp. delbrueckii 
NRIC 1053T 
ND - ND ND 1.1 
Lactobacillus plantarum1 21 P 20 ND ND 
Lactobacillus sanfranciscensis ATCC27651 22 - ND ND ND 
Leuconostoc mesenteroides KSM 1101 23 - ND ND ND 
Zymomonas mobilis subsp. mobilis NRIC 
1158T   
ND + ND ND 0.8 
      
Obligately Anaerobic bacteria 
     
Bacteroides fragilis 683R ND + ND 24 ND 
Bacteroides vulgatus JCM 5826T ND +/- ND ND 0.03 
Porphyromonas gingivalis M50 ND - 25 26 ND 
Bifidobacterium bifidum JCM 1255T ND - ND ND 2 
Bifidobacterium species2 ND - 27.28 ND ND 
Clostridium acetobutylicum ATCC824 M30 - M29 ND ND 
Clostridium aminovalericum DSM 1283T 31 - ND ND 1.9 
Clostridium butyricum JCM 1391T ND - ND ND 1.6 
Desulfovivrio gigas NCIMB 9332 M33 + M32 ND ND 
aSymbols: ND, no data; +, positive; -, negative; +/-, some strains are positive, some strains are negative; M, multi enzymes complex; P, pseudocatalase 
( Mn - catalase ) 
1ATCC14917, P5, 10S 
     
2B. infantis, B. lactis, B. pseudolongum, B. longum and B. breve was reported.27, 28 
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3Based on Bergey's Manual of Systematic Bacteriology, second edition, Volume 4. 
  
4[21]. 
    
5[33]. 6[34]. 7[35]. 8[29]. 9[36]. 10[30]. 11[37]. 12 [38]. 13[39]. 14[40]. 15[41]. 16[42]. 17[43]. 18[44]. 19[45]. 20[46]. 21[47]22[48]. 23[49]. 24[50]. 25[51]. 26[52]. 
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Table 5-1-4. Oxygen metabolizing and hydrogen peroxide scavenging enzymes in bacteria based on published 
biochemical and genomic dataa. 
Species 
Growth4 O2 metabolism H2O2 scavenging 
Nox- or  
AhpF- 
Ahpc 













b g b g b g b g 
Having a respiratory chain 
     

      
Obligately aerobic bacteria 
            
Bacillus subtilis  - + + ND - + ND - + + ND + 
Pseudomonas aeruginosa - + + ND - + ND - ND + ND + 
Xanthomonas compestris - + + ND - + ND - + + ND + 
Alcaligenes faecalis - + + ND ND + ND ND ND ND ND ND 
Alkaliphiric bacillus - + + ND ND + ND ND ND ND ND ND 
            Facultatively anaerobic bacteria             
Bacillus licheniformis + + + ND - + ND - + + ND + 
Escherichia coli + + + ND - + ND - + + ND + 
Salmonella enterica serovar 
Typhimurium 
+ + + ND - + ND - + + ND + 
Lacking respiratory chain             
Aerotolerant bacteria             
Amphibacillus tropicus + + - - ND -  - ND + ND +5 ND 
Amphibacillus xylanus + + - - - - - - + + +6 + 
Lactococcus lactis subsp. lactis + + - + ND - + + + + ND + 
Sporolactobacillus inulinus  + + - - ND - - ND + ND +7 ND 
Streptococcus agalactiae  + + - ND ? - ND - + + ND + 
Streptococcus mutans  + + - + + - ND - + + ND + 
Streptococcus species2 + + - ND ? - ND +/- ND + ND + 
Enterococcus faecalis + + - + ND P + + ND - ND + 
Lactobacillus brevis + + - + ND - ND + ND - ND + 
Lactobacillus delbrueckii  + weak - ND - - ND - ND - ND - 
Lactobacillus plantarum  + + - + ND P + + ND - ND + 
Leuconostoc mesenteroides + + - + ND - ND + ND - ND + 
Pediococcus pentosaceus + + - ND - P ND + ND - ND + 
Streptococcus thermophilus + + - ND + - ND - ND - ND + 
Zymomonas mobilis + + - ND ? + ND - ND - ND + 
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Lactobacillus sanfranciscensis + + - + ND - ND ND ND ND ND ND 
 
            
Obligately Anaerobic bacteria             
Bacteroides fragilis  + - - ND - + ND - + + ND - 
Bacteroides vulgatus + - - ND - +/- ND - ND + ND - 
Porphyromonas gingivalis  + - - ND - - ND 1 + + ND - 
Bifidobacterium bifidum  + - - ND - - ND - ND - ND - 
Clostridium acetobutylicum  + - - M ND - M ND ND - ND - 
Bifidobacterium species3 + - - ND ND - + ND ND ND ND ND 
Clostridium aminovalericum  + - - + ND - ND ND ND ND ND ND 
Clostridium butyricum + - - ND ND - ND ND ND ND ND ND 
Desulfovivrio gigas + - - M ND + M ND ND ND ND ND 
aSymbols: ND, no data; +, positive; -, negative; +/-, some strains are positive, some strains are negative;  P, pseudocatalase ( Mn - catalase ); M, multi 
enzymes complex; ?,  contains NADH oxidase but its products are unknown. 
b, data from biochemical analysis; g, data from genome analysis 
1Activity was detected in cell free extracts but the gene of NADH peroxidase was not found ( Diaz, P.I. et al. 2004a  ) . 
2S. dysgalactiae, S. gallolyticus, S. parauberis, S. pasteurianus, S. salivarius. 
3B. infantis, B. lactis, B. pseudolongum, B. longum and B. breve were reported ( Shimamura, S. et al. 1992. A. Talwalkar and K. Kailasapathy 2003. ). 
4Based on Bergey's Manual of Systematic Bacteriology second edition, Volume4. 
5[36] 
           6[59] 
           7[39] 






1. ̖ţdxX@ 16S rRNA ʐʝ˙ǳ<̜ʔ÷Ż 
 ʂ¶ʀ ʂ¡ʉ ʂ¡µ̓;Íː-4̜ʔ÷ŻU16S rRNA @ʐʝȆ?Î




Figure 5-1-1. Relationship between enzymes for O2-metabolizing and H2O2-scavenging enzymes and 
the phylogenetic tree of bacteria based on the 16S rRNA gene sequences. Bootstrap values based on 
1000 replications are given as percentages at branching points; only values greater than 50 % are 





























 Enterococcus faecalis 
Lactococcus lactis subsp. lactis  
 Streptococcus agalactiae 
Streptococcus thermophilus 
Streptococcus mutans 
Lactobacillus delbrueckii subsp. bulgaricus 
 Leuconostoc mesenteroides subsp. mesenteroides 
Lactobacillus plantarum 
 Lactobacillus brevis  
Pediococcus pentosaceus  
Clostridium acetobutylicum 
Zymomonas mobilis subsp. mobilis  
Xanthomonas campestris pv. campestris 
Pseudomonas aeruginosa 
Escherichia coli  




















ND, no data; +, positive; -, negative; +/-, some strains are positive, some strains are negative 
g, existence of the gene but no its biochemical data; M, multi enzymes complex; P, pseudocatalase ( Mn-catalase )  
?, contains NADH oxidase but its products are unknown 
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2. Nox (AhpF)-Prx(AhpC)@ʐʝ̌ĆȆ@ÍƧ 
Nox (AhpF)-Prx(AhpC)AʐʝȆ@˗ȼ$OLdxXɖ?ƃ'÷Ż-: 
Q*<%ǚO$<>744Ktd˲X̛̝øNPÍː-4̌Ćʐʝ
Ȇ<16S rRNA @ʐʝȆ@ȏ˼UˣI4ʐʝȆ@ÍːAʂ¶ʀ ʂµʉ ʂ




td˲X̛̝øNPÍː-4̌ĆʐʝȆ< 16S rRNA ̛øNPÍː
-4ʐʝȆU Figure 5-1-2 ?ɰ/µ8@ʐʝȆUȏ˼-4<*SNox, Prx <
L? 16S rRNA <ɤ̭ƝUɰ/*<%ǚO$<>74*@ɤ̭ƝAe@
ů> Nox ?NP͈˂?ɌR: Q̝ʔÀˮ̝̐ĆɆ÷˙D@Ũ§%ǚ
O$<>7: Q Nox (AhpF)-Prx(AhpC)@ʐʝ̌ĆȆ% 16S rRNA @ʐʝȆ<
ɤ̭ƝUɰ/< !ɛ˔AʺīȦ A. xylanus @ŕȒÀˮD@Ũ§%ƽţ,R
: Q PDH complex @X̛̝ø;A*@N!>ɤ̭ƝUɰ,>$74 







Figure 5-1-2. Evolutionary tree of bacteria based on amino acid sequence of (A) AhpC (Prx) and 
(B) NADH oxidase and AhpF. Bootstrap values based on 1000 replications are given as 
percentages at branching points; only values greater than 50 % are shown. The bar represents the 
unit length of the number of amino acid substitutions 
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Bacillus subtilis 168  
Bacillus licheniformis ATCC 14580 ( BL 00200 )   
Amphibacillus xylanus Ep 01 
Streptococcus agalactiae NEM316   
Streptococcus mutans UA159   
Escherichia coli K-12 MG1655   
Salmonella enterica subsp. enterica serovar  
Typhimurium LT2  
Pseudomonas aeruginosa  
UCBPP-PA14 ( PA14 01710 )   
Xanthomonas campestris pv. campestris  
ATCC 33913   
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Pseudomonas aeruginosa UCBPP-PA14 ( PA14 18690 )  
Bacillus licheniformis ATCC 14580  
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 ǫ˙ǳ?üɑ-4gy tAɉɿˉǈȚ» NITE <@m\dz?N
P˟ɿ,R4Amphibacillus xylanus Ep01 Xx ljZz(OCSS: 
https://www.bio.nite.go.jp/ocss/v2_ext/main_window.php) <GenBank 
(http://www.ncbi.nlm.nih.gov/genbank/)DDBJ (http://www.ddbj.nig.ac.jp )Uüɑ-
4OSCC UÏɑ/Q̶Aüɑ@̶A NITE D@ɔ˫%Ƙ˓;Qǫɔ˫AǓ
ǭȞ¡ǉƹU½-:ˉ!2R3R@jZzÏɑ?̶-:Á¥@˰ǑH4A
jZzUēɁ-4 
OCSS: [6], GenBank&DDBJ: http://togotv.dbcls.jp/ja/ 
ʐʝȆÍː?A .fasta ƌƇ;×Ş,R4y tWZ%Ƙ˓?>Qg





Table 5-2-1. General properties of Amphibacillus xylanus genome.  
  
Amphibacillus xylanus 
NBRC15112T   
Bacillus subtilis 168 
) 
Genome size 2,569,486 
 
4,214,630 









   Oxygen req. - 
 
+ 
pH range Alkaline ( 8 - 10 )a 
 
neutral 
NaCl rate ( % ) < 6a   < 7b 
aNiimura Y., et al., Int. J. Syst.Bacteriol., 40, 297-301(1990) 
bNakamura L. K., et al.Int. J.Syst. Bacteriol. 49. 121-1215 (1999) 
* http://www.jgi.doe.gov/ 
 
A. xylanuŝʣɸ<-:35ɸX[ze <-: Bucillus subtilis 168U̖
ţ-4̖Ʈˀǹ@ˤʖU Table 5-2-2?:ɰ/  
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Table 5-2-2. The selected strains for the phylogenetic tree.  
Genus Species Strain   Accession No. 
Natronobacillus azotifigens 24KS-1T 
 
EU143681 
Amphibacillus tropicus Z-7792T 
 
AF418602 
Amphibacillus jilinensis Y1T 
 
FJ169626 
Amphibacillus sediminis Shu-P-Ggiii25-3T 
 
AB243866 
Amphibacillus fermentum Z-7984T 
 
AF418603 
Streptohalobacillus salinus H96B60T 
 
FJ746578 
Halolactibacillus halophilus M2-2T 
 
AB196783 
Halolactibacillus miurensis M23-1T 
 
AB196784 
Halolactibacillus alkaliphilus H-5T 
 
EF554593 
Paraliobacillus ryukyuensis O15-7T 
 
AB087828 
Paraliobacillus quinighaensis YIM-C158T 
 
EU135728 
Gracilibacillus halotolerans NNT 
 
AF036922 
Gracilibacillus dipsosauri DD1T 
 
X82436 
Cerasibacillus quisquiliarum BLx1T 
 
AB107894 
Virgibacillus pantothenticus IAM11061T 
 
D16275 
Lentibacillus salicampi SF-20T 
 
AY057394 
Halalkalibacillus halophilus BH2T 
 
AB264529 
Piscibacillus salipiscarius RBU1-1T 
 
AB194046 
Filobacillus milosensis SH714T 
 
AJ238042 
Tenuibacillus multivorans 28-1T 
 
AY319933 
Aquisalibacillus elongatus SH4sT 
 
AM911047 
Alkalibacillus haloalkaliphilus DSM5271T 
 
AJ238041 
Marinococcus holophilus DSM20408T 
 
X90835 
Sinobaca quinghaiensis YIM70212T 
 
DQ168584 
Thalassobacillus devorans G-19.1T 
 
AJ717299 
Salinimicrobium album DSM20748T 
 
X90834 
Halobacillus halophilus NCIMB9251T 
 
X62174 
Halobacillus litoralis SL-4T 
 
X94558 
Salinibacillus aidingensis 25-7T 
 
AY321436 
Pontibacillus chungwhensis BH030062T 
 
AY553296 
Oceanobacillus iheyensis HTE931T 
 
AB010863 






Terribacillus saccharophilus 002-048T 
 
AB243845 
Salirhabdus euzebyi CVS-14T 
 
AM292417 
Bacillus subtilis NCDO1769T   X60646 
 
 
    
2.  ʐʝȆÍː 
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ʐʝȆÍː?A CLUSTALWMEGA5 <ĬBRQµ8@rzUɑ 42
R3R@rzA http://www.clustal.org, http://www.megasoftware.net [\jZ
z?: ;u[ {Ěʳ;QÏɑǔȚA2R3R[60, 61]UēɁ/
Q 
̖ţ-4dxX@ 16S rRNA ̛ø@---.fasta WZU CLUSTALW U
ɑ :XZzUǎ"QCLUSTALW ?:XZzUǎ"4Ǔ- 
WZ---.aln U MEGA5 ?:---.meg WZ?ōƿ/Q---.meg WZUł
?ʐʝȆUÍː/QʐʝȆÂ̷ʚğȚ (neighbor-joining method)Uɑ :˜
ʇ-4>#ʝ˜ǿţA Bootstrap ȚU̖Ʈ-ʥP̃-@˜ʇA 1,000 Ķˉ
























Natronobacillus azotifigens 24KS-1T (EU143681)!
Amphibacillus tropicus Z-7792T (AF418602)!
Amphibacillus jilinensis Y1T (FJ169626)!
Amphibacillus sediminis Shu-P-Ggiii25-3T (AB243866)!
Amphibacillus xylanus JCM 7361T (D82065)!
Amphibacillus fermentum Z-7984T (AF418603)!
Streptohalobacillus salinus H96B60T (FJ746578)!
Halolactibacillus halophilus M2-2T (AB196783)!
Halolactibacillus miurensis M23-1T (AB196784)!
Halolactibacillus alkaliphilus H-5T (EF554593)!
Paraliobacillus quinighaensis YIM-C158T (EU135728)!
Paraliobacillus ryukyuensis O15-7T (AB087828)!
Gracilibacillus halotolerans NNT (AF036922)!
Gracilibacillus dipsosauri DD1T (X82436)!
Cerasibacillus quisquiliarum BLx1T (AB107894)!
Halalkalibacillus halophilus BH2T (AB264529)!
Piscibacillus salipiscarius RBU1-1T (AB194046)!
Filobacillus milosensis SH714T (AJ238042)!
Tenuibacillus multivorans 28-1T (AY319933)!
Aquisalibacillus elongatus SH4sT (AM911047)!
Alkalibacillus haloalkaliphilus DSM 5271T (AJ238041)!
Thalassobacillus devorans G-19.1T (AJ717299)!
Halobacillus halophilus NCIMB 9251T (X62174)!
Halobacillus litoralis SL-4T (X94558)!
Virgibacillus pantothenticus IAM 11061T (D16275)!
Lentibacillus salicampi SF-20T (AY057394)!
Salinibacillus aidingensis 25-7T (AY321436)!
Pontibacillus chungwhensis BH030062T (AY553296)!
Salirhabdus euzebyi CVS-14T (AM292417)!
Terribacillus saccharophilus 002-048T (AB243845)!
Pausisalibacillus globulus B22T (AM114102)!
Bacillus subtilis NCDO 1769T (X60646)!
Marinococcus holophilus DSM 20408T (X90835)!
Sinobaca quinghaiensis YIM70212T (DQ168584)!
Oceanobacillus iheyensis HTE931T (AB010863)!
Ornithinibacillus bavariensisWSBC24001T (Y13066)!
Salinimicrobium album DSM 20748T (X90834)!
Figure 5-2-1. The phylogenetic relationship of Amphibacillus species and its 
relatives of the Bacillus HA group. Boot- strap values based on 1000 
replications are given as percentages at branching points; only values greater 






 ʂ¡ʀ ʂ¡ʉ ʂµ̓?:ɑ 4y t nUɑ :complete genome @̛øy t
U.gb ƌƇ;ęƓ/Q̂ʣɸ@>$;gy t%üɑĚʳ;QL@A Halobacillus 
halophilus DSM2266 < Oceanobacillus iheyensis HTE831 @ 2 ˀǹ@I;74ǫ 2 ˀǹU
ĥKlx} ˙ǳ?ɑ 4ˀǹƟńU Table 5-2-3 ?ɰ/ 
 
Table 5-2-3. The selected strains for synteny analysis. 
Genuses Species Strains Accession No. 
Amphibacillus  xylanus Ep01  NC_018704.1 
Bucillus  subtilis 168 NC_000964.3 
Bacillus  pseudofirmus OF4 NC_013791.2 
Halobacillus  halophilus DSM2266 NC_017668.1 









Genome matcher Uɿ6¤)genbank ƌƇ@WZU X ˻Y ˻;̫'˙




 ˙ǳʚǵU Figure 5-2-2 ?ɰ/lx} ˙ǳNPA. xylanus Aȏ˼ˀǹ
<͍ lx} Uɰ/*<%˔ 5,R4lx} Uɰ/ͅŀ?Aˑː
˺ñʪˠ?̭§/Q̗Æŝʨ%Ő'˥KOR4*@N!>lx} Aʂ
¡ʀ?:Ő'@łƂÀˮʙ˷% KEGG Uɑ 4ǿ˝?NPŞĻ@ƽţUˉ"
4*<$OLŗƋ;Q*RNPA. xylanus @˙ǳ-4łƂÀˮʙ˷@I>

















Bacillus subtilis Halobacillus halophilus Oceanobacillus iheyensis Bucillus pseudofirmus
Figure 5-2-2.  Synteny analysis of Amphibacillus xylanus between 
Bacillus subtilis 168, Halobacillus halophilus DSM2266, Oceanobacillus 





¾ˀɸ<@̗Æŝȏ˼?Ƙ˓>y tA KEGG, GenBank NPƓ4H4
NITE ˅ɒØ­ȑǱȞő ˅țÖȑ?čÿ͂&_ reūƚˍUüɑ-
4_ reūƚˍAÁ¥@ǮÃ@¥;Íː,R: Q 
gūg; ORF ʟƋ4P@ blastp Uˉ74ǜ?ĖǔĢ;nzwz
@̭Ô?Q 
ɤĠͅŀ@̩,%=6O@ ORF ?ū-: 70%Á¤Q 
ĖǔĢ; e-value % 1e-5 Á¥;Q 
Á¤@y tUɑ :ȏ˼ˀǹ<@̗Æŝȏ˼Uˉ74 
 
2. A. xylanus ?ɇɚɞ>̗Æŝʨ@˙ǳ 
ȏ˼ˀǹ?Ⱦ'A. xylanus ?@IŞĻ/Q̗ÆŝU Table 5-2-4 ?H<K4
bl| q̗ÆŝUA.K</QŐʏ÷˙̜ʔUh {/Q̗ÆŝV-type 
ATPase @ŞĻ%˔ 5,R4 
 
Table 5-2-4. Specific genes for Amphibacillus xylanus. 
ORF ID Product name 
AXY_00250 peptide ABC transporter ATP-binding protein 
AXY_00460 reverse transcriptase/maturase 
AXY_00680 polyprenyl diphosphate synthase 
AXY_00720 ApbE family protein 
AXY_01940 single-stranded DNA-binding protein 
AXY_02120 peptidase S14 family protein 
AXY_02310 peptidase M23 family protein 
AXY_02490 MerR family transcriptional regulator 
AXY_02500 MerR family transcriptional regulator 
AXY_02640 reducing end xylose-releasing 
exo-oligoxylanase AXY_02720 alpha-glucuro idase 
AXY_02800 endo-1,4-beta-xylanase 
AXY_02940 L-serine dehydratase 
AXY_03010 acetaldehyde/alcohol dehydrogenase 
AXY_03070 signal peptidase I 
AXY_03260 phosphate ABC transporter ATP-binding 
protein AXY_03570 carbamate kinase 
AXY_04080 sugar ABC transporter ATP-binding protein 
AXY_04090 sugar ABC transporter permease protein 
AXY_04130 sugar ABC transporter sugar-binding protein 
AXY_04140 methyl-accepting chemotaxis protein 
AXY_04600 acetyltransferase 
AXY_04770 two-component system response regulator 
AXY_05240 major facilitator superfamily transporter 
AXY_05370 cellulase 
AXY_05430 magnesium transporter MgtE 
AXY_05440 PTS system beta-glucoside-specific enzyme 
IIBCA component AXY_05450 6-phospho-beta-glucosidase 
AXY_05470 copper-responsive repressor CopY 
AXY_05480 copper chaperone CopZ 
AXY_05720 glutamate--cysteine ligase 
AXY_06490 meso-diaminopimelate D-dehydrogenase 
AXY_06550 two-component system response regulator 
AXY_06560 two-component system sensor histidine kinase 
AXY_06950 cation-transporting ATPase 
AXY_07660 arabinoxylan arabinofuranohydrolase 
AXY_07770 alpha-xylosidase 
AXY_07790 xylosidase/arabinosidase 
AXY_08250 mannan endo-1,4-beta-mannosidase 
AXY_08320 5,10-methylenetetrahydrofolate reductase 
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AXY_10030 type IV fimbrial assembly protein PilB 
AXY_10040 twitching mobility protein 
AXY_10050 type IV fimbrial assembly protein PilC 
AXY_12250 spore cortex-lytic enzyme 
AXY_12270 reverse transcriptase/maturase 
AXY_12990 xylosidase/arabinosidase 
AXY_13060 glutaredoxin-like protein NrdH 
AXY_13230 V-type ATP synthase D subunit 
AXY_13240 V-type ATP synthase B subunit 
AXY_13250 V-type ATP synthase A subunit 
AXY_13260 V-type ATP synthase G subunit 
AXY_13270 V-type ATP synthase C subunit 
AXY_13290 V-type ATP synthase K subunit 
AXY_13300 V-type ATP synthase I subunit 
AXY_13690 methyl-accepting chemotaxis protein 
AXY_13920 DNA polymerase I 
AXY_13930 DNA polymerase I 
AXY_13940 DNA polymerase I 
AXY_14050 type II restriction enzyme 
AXY_16360 peptidase S1 family protein 
AXY_16820 F-type Na(+)-transporting ATPase subunit c 
AXY_17310 endo-1,4-beta-xylanase 
AXY_17320 endo-1,4-beta-xylanase 
AXY_17360 alkaline amylopullulanase 
AXY_17570 xylosidase/arabinosidase 
AXY_17930 peptide ABC transporter permease protein 
AXY_17940 peptide ABC transporter permease protein 
AXY_18270 preprotein translocase SecG subunit 
AXY_18280 phosphocarrier protein HPr 
AXY_18460 small acid-soluble spore protein 
AXY_18480 peptidase M15 family protein 
AXY_18800 flagellin 
AXY_19120 modification methylase 
AXY_19360 ribose-phosphate pyrophosphokinase 
AXY_19490 6-phosphofructokinase 
AXY_19580 beta-galactosidase 
AXY_19590 peptide ABC transporter ATP-binding protein 
AXY_19600 peptide ABC transporter permease protein 
AXY_19610 peptide ABC transporter permease protein 
AXY_19650 methyl-accepting chemotaxis protein 
AXY_19680 ComK family protein 
AXY_20220 teichoic acid ABC transporter ATP-binding 
protein AXY_20680 DNA-directed RNA polymerase subunit delta 
AXY_20790 spore coat protein GerQ 
AXY_21020 NAD(P)H oxidoreductase 
AXY_21370 cation-transporting ATPase 
AXY_21570 cation-transporting ATPase 
AXY_21830 PTS system beta-glucoside-specific enzyme 
IIA component AXY_21860 mann se-6-phosphate isomerase 
AXY_21960 peptidase M23 family protein 
AXY_22090 endo-1,4-beta-xylanase 
AXY_22150 ribonucleotide reductase 
AXY_22210 oxidoreductase 
AXY_22470 PTS system beta-glucoside-specific enzyme 
IIB component AXY_22480 PTS system beta-glucoside-specific enzyme 
IIC component AXY_22490 PTS system beta-glucoside-specific enzyme 
IIC component AXY_22510 6-phosph -beta-glucosidase 
AXY_22580 6-phospho-beta-glucosidase 
AXY_22590 methyl-accepting chemotaxis protein 
AXY_22600 methyl-accepting chemotaxis protein 
AXY_22610 methyl-accepting chemotaxis protein 




AXY_22910 UDP-galactopyranose mutase 
AXY_22990 major facilitator superfamily transporter 
AXY_23170 anaerobic ribonucleoside-triphosphate 
reductase activating protein AXY_23180 anaerobic ribonucleoside-triphosphate 
reductase AXY_23200 hydroxyacylglutathione hydrolase 
AXY_23320 UDP-N-acetylglucosamine 2-epimerase 
AXY_23730 arabinoxylan arabinofuranohydrolase 
AXY_23930 electron transport complex RnfD family 





3. A. xylanus%Ȉǀ-4̗Æŝʨ@˙ǳ 
 B. subtilisUłȲ<-_ reȏ˼Uˉ A. xylanus@IȈǀ-4̗Æŝ




Table 5-2-5.   
B. subtilis ORF ID Product name 
BSU00120 inosine-monophosphate dehydrogenase 
BSU00140 deoxyadenosine/deoxycytidine kinase 
BSU00150 deoxyguanosine kinase 
BSU00170 putative isochorismatase 
BSU00270 putative decarboxylase 
BSU00450 conserved hypothetical protein 
BSU00460 conserved hypothetical protein 
BSU00610 membrane protein of the forespore 
BSU00750 cysteine synthase 
BSU01560 Mrp family regulator 
BSU01600 putative iron-chelator esterase 
BSU01690 putative transcriptional regulator 
BSU01700 putative transcriptional regulator 
BSU01710 putative acyltransferase 
BSU01730 tRNA-Gln 
BSU01740 anti-sigma(W) factor 
BSU02100 fatty acid beta-hydroxylating 
cytochrome P450 BSU02110 conserved hypothetical protein 
BSU02470 5-dehydro-4-deoxyglucarate dehydratase 
BSU02640 alkaline phosphatase D 
BSU02650 pyrrolidone-carboxylate peptidase 
BSU02690 L-asparaginase 2 (putative lipoprotein) 
BSU03000 glycine betaine ABC transporter 
(permease) BSU03020 putative integral inner membrane protein 
BSU03050 L-lactate dehydrogenase 
BSU03090 putative aminoacid export permease 
BSU03110 putative amino acid transporter 
BSU03150 shikimate kinase 
BSU03160 putative methyltransferase 
BSU03200 proline oxidase 
BSU03210 1-pyrroline-5-carboxylate 
dehydrogenase BSU03220 proline permease 
BSU03260 putative aromatic hydrocarbon hydrolase 
BSU03470 positive regulator of hxlAB expression 
BSU03580 putative PLP-dependent transcriptional 
regulator BSU03620 cystine ABC transporter (permease) 
BSU03840 putative efflux transporter 
BSU03900 4-aminobutyrate aminotransferase 
BSU03910 succinate-semialdehyde dehydrogenase 
BSU03981 putative reductase or disulfide isomerase 
BSU03982 putative reductase or disulfide isomerase 
BSU03990 mannitol-1-phosphate dehydrogenase 
BSU04040 putative phosphatase 
BSU04050 putative phosphatase 
BSU04070 conserved hypothetical protein 
BSU04080 conserved hypothetical protein 
BSU04090 putative hydrolase subunit antagonist of 
KipI BSU04100 transcriptional regulator (IclR family) 
BSU04160 transcriptional regulator 
BSU04220 putative general stress protein 
BSU04340 putative enzyme with pyruvate as 
substrate BSU04360 manganese transporter 
BSU04380 conserved hypothetical protein 
BSU04440 C4-dicarboxylate binding protein 
BSU04550 putative cation efflux system 
BSU04590 conserved hypothetical protein 
BSU04600 conserved hypothetical protein 
BSU05330 hypothetical protein 
BSU05340 putative metal-anion antiporter protein 
BSU05680 putative efflux transporter 
BSU05700 putative transcriptional regulator (GntR 
family) BSU05800 hypoxanthine efflux transporter 
BSU06280 putative peroxydase 
BSU06320 putative cation efflux transporter 
BSU06340 conserved hypothetical protein 
BSU06400 conserved hypothetical protein 
BSU06560 putative adenine deaminase YerA 
BSU06710 glutamyl-tRNA(Gln) amidotransferase 
(subunit B) BSU06880 putative oxidoreductase 
BSU07350 putative aldehyde dehydrogenase 
BSU07450 putative oxidoreductase 
BSU07550 heat stress induced protein 
BSU07570 2-oxoglutarate/malate transporter 
BSU07630 nitric-oxide synthase 
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BSU07750 putative aminoacid transporter 
BSU07850 general stress protein 18 
BSU07955 putative mechanosensitive ion channel 
BSU08370 transcriptional regulator (TetR/AcrR 
family) BSU08480 putative oxidoreductase (nitroreductase 
family) BSU08510 putative nucleotide binding protein 
BSU08530 conserved hypothetical protein 
BSU08690 putative ABC transporter (ATP-binding 
protein) BSU08710 putative membrane protein 
BSU08720 putative membrane protein 
BSU08740 putative membrane protein 
BSU08750 conserved hypothetical protein 
BSU08760 sporulation-control gene 
BSU08780 putative peptidase 
BSU08880 alternative ribosomal protein S14 
BSU08970 serine protein kinase 
BSU08980 serine protein kinase 
BSU09080 putative ABC transporter (ATP-binding 
protein) BSU09090 putative ABC transporter (permease) 
BSU09180 conserved hypothetical protein 
BSU09260 putative aminotransferase 
BSU09270 putative aminotransferase 
BSU09280 glycerol permease 
BSU09380 NO-dependent activator of the ResDE 
regulon BSU09400 putative integral inner membrane protein 
BSU09410 alkaline phosphatase A 
BSU09420 alkaline phosphatase A 
BSU09450 putative NAD(P)-dependent 
dehydrogenase BSU09490 putative acetyltransferase 
BSU09670 D-alanine aminotransferase 
BSU09680 Na+/H+ antiporter 
BSU09880 putative dehydratase 
BSU09889 conserved hypothetical protein 
BSU09965 putative bacteriocin 
BSU10060 putative hydrolase 
BSU10100 heme-degrading monooxygenase 
BSU10110 heme-degrading monooxygenase 
BSU10120 uroporphyrinogen III decarboxylase 
BSU10130 ferrochelatase 
BSU10140 ferrochelatase 
BSU10220 proton/sodium-glutamate symport 
protein 
BSU10260 putative epimerase 
BSU10270 long-chain fatty-acid-CoA ligase 
(degradative) BSU10750 putative catabolic enzyme 
BSU10790 asparagine synthetase 
BSU10810 putative squalene/phytoene synthase 
BSU10920 putative sulfate adenylyltransferase 
BSU11079 putative DNA/RNA binding protein 
BSU11100 extracellular neutral protease B 
BSU11230 N-acetylornithine aminotransferase 
BSU11300 positive regulator of comK 
BSU11490 putative exporter 
BSU11510 putative transporter component 
BSU11560 small regulatory RNA 
BSU11740 spore outer coat protein 
BSU11850 putative RNA ligase or phosphoesterase 
BSU11860 putative hydrolase 
BSU12230 putative enzyme 
BSU12240 putative ABC transporter (permease) 
BSU12250 putative ABC transporter (permease) 
BSU12470 conserved hypothetical protein; PBSX 
phage BSU12500 PBSX phage protein, putative peptidase 
BSU12960 dipeptide ABC transporter 
(ATP-binding protein) BSU12970 muropeptide L,D-carboxypeptidase 
BSU13020 putative aminohydrolase 
BSU13030 putative acyl-CoA hydrolase 
BSU13040 flavohemoglobin 
BSU13100 efflux transporter 
BSU13110 formyltetrahydrofolate hydrolase 
BSU13150 peroxiredoxin 
BSU13170 guanine deaminase 
BSU13310 nitrogen sensing transcriptional 
regulator BSU13400 ATP-dependent DNA ligase subunit 
BSU13410 ATP-dependent DNA ligase subunit 
BSU13450 RNA polymerase sigma factor 
BSU13520 conserved hypothetical protein 
BSU13570 ketoglutaramate omega-amidase 
BSU13580 methionine-glutamine aminotransferase 
BSU13710 putative transporter 
BSU13720 pre-queuosine 0 synthase 




BSU13860 putative Xaa-Pro dipeptidase 
BSU13930 spore photoproduct (thymine dimer) 
lyase BSU13960 putative beta-hydroxyacid 
dehydrogenase BSU14000 N-acetyl-L,L-diaminopimelate 
aminotransferase BSU14090 conserved hypothetical protein 
BSU14180 tetrahydrodipicolinate 
N-acetyltransferase BSU14190 N-acetyl-diaminopimelate deacetylase 
BSU14230 thiol-disulfide isomerase 
BSU14650 conserved hypothetical protein 
BSU14660 conserved hypothetical protein 
BSU14820 conserved hypothetical protein 
BSU14840 conserved hypothetical protein 
BSU14860 pyruvate carboxylase 
BSU14880 protoheme IX farnesyltransferase 2 
BSU14890 cytochrome caa3 oxidase (subunit II) 
BSU14900 cytochrome caa3 oxidase (subunit I) 
BSU14910 cytochrome caa3 oxidase (subunit III) 
BSU14920 cytochrome caa3 oxidase (subunit IV) 
BSU14930 cytochrome aa(3) assembly factor 
BSU14940 conserved hypothetical protein 
BSU15100 putative acetyltransferase 
BSU15120 malate glucosamine cysteine ligase 
BSU15510 dihydroorotase 
BSU15520 dihydroorotase 
BSU15570 (phospho)adenosine phosphosulfate 
reductase BSU15610 adenylylsulfate kinase 
BSU15620 sirohydrochlorin ferrochelatase 
BSU15630 Precorrin-2 dehydrogenase 
BSU15850 L-serine dehydratase (beta chain) 
BSU15860 L-serine dehydratase (alpha chain) 
BSU16010 conserved hypothetical protein 
BSU16090 succinyl-CoA synthetase (beta subunit) 
BSU16100 succinyl-CoA synthetase (alpha subunit) 
BSU16280 flagellar hook assembly protein 
BSU16300 flagellar basal-body associated protein 
BSU16440 GTPase involved in the export of 
flagella BSU16700 putative sugar deacetylase 
BSU16790 protein export-enhancing factor 
BSU16800 spore DNA translocase 
BSU16870 putative oxidoreductase 
BSU16880 conserved hypothetical protein 
BSU17000 threonine 3-dehydrogenase 
BSU17010 threonine 3-dehydrogenase 
BSU17280 putative peroxiredoxin-related protein 
BSU17440 putative C-S lyase 
BSU17450 transcriptional regulator (nitrogen 
metabolism) BSU17460 glutamine synthetase 
BSU17790 conserved hypothetical protein 
BSU17800 putative integral inner membrane protein 
BSU17830 putative integral inner membrane protein 
BSU17840 metallothiol transferase 
BSU17870 putative cell division protein 
BSU17950 putative integral inner membrane protein 
BSU17960 conserved hypothetical protein 
BSU17980 small acid-soluble spore protein 
BSU18030 small acid-soluble spore protein 
BSU18190 putative integral inner membrane protein 
BSU18210 putative methylcrotonoyl-CoA 
carboxylase BSU18220 putative Methylglutaconyl-CoA 
hydratase BSU18230 putative hydroxymethylglutaryl-CoA 
lyase BSU18239 acyl-CoA carboxylase; biotinylated 
subunit BSU18240 acyl-CoA carboxylase; biotinylated 
subunit BSU18250 putative acetoacetyl-CoA synthetase 
BSU18260 acyl-CoA dehydrogenase, short-chain 
specific BSU18440 glutamate synthase (small subunit) 
BSU18450 glutamate synthase (large subunit) 
BSU18500 putative oxido-reductase 
BSU18530 putative N-acetyltransferase 
BSU18620 putative 
4-hydroxyphenylacetate-3-hydroxylase BSU18720 putative lipoprotein 
BSU18750 putative integral inner membrane protein 
BSU19140 putative integral inner membrane protein 
BSU19150 conserved hypothetical protein 
BSU19170 putative carboxypeptidase 
BSU19180 fatty acid desaturase 
BSU19190 two-component sensor histidine kinase 
[DesR] BSU19200 two-component response regulator 
[DesK] BSU19350 putative sodium-dependent transporter 
BSU19360 putative sodium-dependent transporter 
BSU19370 2-oxoglutarate dehydrogenase (E1 
subunit) BSU19460 Component of the piezosome 
(stressosome) BSU19470 conserved hypothetical protein 
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BSU19480 putative integral inner membrane protein 
BSU19730 putative aminoacyloate CoA-transferase 
BSU20490 putative SPbeta phage protein 
BSU21500 lesion bypass phage DNA polymerase 
BSU21510 conserved hypothetical protein; phage 
SPbeta BSU21550 putative acetyltransferase; phage SPbeta 
BSU21750 conserved hypothetical protein 
BSU21880 putative lyase 
BSU21890 putative metal-dependent 
phosphohydrolase BSU21970 ribonuclease 
BSU21980 putative integral membrane protein 
BSU22010 5'3'-exonuclease 
BSU22030 dynamin-like GTPase 
BSU22040 alkylpyrone methyltransferase BpsB 
BSU22050 promiscuous alkylpyrone synthase BpsA 
BSU22140 2-keto-3-deoxygluconate oxidoreductase 
BSU22460 tRNA nucleotidyltransferase 
BSU22510 putative integral inner membrane protein 
BSU22540 putative integral inner membrane protein 
BSU22550 putative integral inner membrane protein 
BSU22560 putative integral inner membrane protein 
BSU22570 conserved hypothetical protein 
BSU22730 nucleoside diphosphate kinase 
BSU22750 menaquinone methyltransferase 
BSU22810 putative lipoprotein 
BSU22849 conserved hypothetical protein 
BSU22850 conserved hypothetical protein 
BSU22940 spore cortex-lytic enzyme 
BSU22950 putative FAD-dependent disulfide 
oxidoreductase BSU23130 factor required for cytochrome c 
synthesis BSU23140 factor required for cytochrome c 
synthesis BSU23150 factor required for cytochrome c 
synthesis BSU23328 conserved hypothetical protein 
BSU23430 stage V sporulation protein AB 
BSU23440 stage V sporulation protein AA 
BSU23620 NADPH-dependent aldo-keto reductase 
BSU23660 conserved hypothetical protein 
BSU23750 putative lyase 
BSU23790 putative metal-dependent hydrolase 
BSU23810 putative N-deacylase 
BSU23820 NADPH-dependent flavin 
oxidoreductase 
BSU23920 putative propionyl-CoA carboxylase 
beta chain BSU23990 conserved hypothetical protein 
BSU24000 putative lipid kinase BmrU 
BSU24070 branched-chain fatty-acid kinase 
BSU24080 branched-chain amino acid 
dehydrogenase BSU24100 transcriptional regulator 
BSU24150 short chain acyl-CoA dehydrogenase 
BSU24160 3-hydroxybutyryl-CoA dehydrogenase 
BSU24530 protein octanoyltransferase 
BSU24550 putative sulfur transferase 
BSU24560 putative sulfur transferase 
BSU24570 putative sulfur transferase 
BSU24610 master regulator of biofilm formation 
BSU24620 major biofilm matrix component 
BSU24630 type I signal peptidase 
BSU24780 conserved hypothetical protein 
BSU24860 glucose kinase 
BSU24870 membrane endopeptidase 
BSU25010 putative efflux transporter 
BSU25030 putative integral inner membrane protein 
BSU25250 negative regulator of gluconeogenesis 
BSU25310 undecaprenol kinase 
BSU25360 conserved hypothetical protein 
BSU26490 putative integral inner membrane protein 
BSU26500 putative sulfur-carrier protein 
BSU26510 putative hydrolase 
BSU26530 putative rhodanese-related sulfur 
transferase BSU26540 conserved hypothetical protein 
BSU26650 potassium/proton-divalent cation 
antiporter BSU26800 putative anionic nitroalkane dioxygenase 
BSU26940 putative lyase 
BSU27200 putative formate/nitrite transporter 
BSU27250 conserved hypothetical protein 
BSU27260 conserved hypothetical protein 
BSU27280 putative AdoMet-dependent 
methyltransferase BSU27330 uridine kinase 
BSU27430 glutamine ABC transporter 
(ATP-binding protein) BSU27490 putative tetratricopeptide repeat family 
protein BSU27785 putative serine/threonine-protein kinase 





2,1-aminotransferase BSU28140 uroporphyrinogen III cosynthase 
BSU28150 uroporphyrinogen III cosynthase 
BSU28160 uroporphyrinogen III cosynthase 
BSU28170 glutamyl-tRNA reductase 
BSU28420 conserved hypothetical protein 
BSU28430 succinate dehydrogenase (iron-sulfur 
protein) BSU28440 succinate dehydrogenase (flavoprotein 
subunit) BSU28450 succinate dehydrogenase (flavoprotein 
subunit) BSU28520 electron transfer flavoprotein (alpha 
subunit) BSU28530 electron transfer flavoprotein (beta 
subunit) BSU28540 enoyl-CoA hydratase 
BSU28550 enoyl-CoA hydratase 
BSU28560 long chain acyl-CoA ligase 
(degradative) BSU28570 putative integral inner membrane protein 
BSU28680 glycolate oxidase subunit 
BSU28690 glycolate oxidase iron-sulfur subunit 
BSU28730 arabinose/arabinan permease 
BSU28830 conserved hypothetical protein 
BSU28920 two-component response regulator 
[LytS] BSU28930 two-component sensor histidine kinase 
[LytT] BSU29010 S-adenosylmethionine decarboxylase 
BSU29020 glyceraldehyde-3-phosphate 
dehydrogenase BSU29070 putative integral inner membrane protein 
BSU29120 malate dehydrogenase 
BSU29290 putative aminohydrolase 
BSU29410 putative metal-dependent hydrolase 
BSU29440 argininosuccinate lyase 
BSU29450 argininosuccinate synthase 
BSU29540 inorganic polyphosphate/ATP-NAD 
kinase BSU29550 putative metal-dependent hydrolase 
BSU29560 putative acyl-coenzyme A synthetase 
BSU29630 regulator of FtsZ 
BSU29680 acetyl-CoA synthetase 
BSU29690 protein acetyltransferase 
BSU29700 protein acetyltransferase 
BSU29710 protein deacetylase 
BSU29870 conserved hypothetical protein 
BSU29890 putative metal-dependent hydrolase 
BSU29900 tRNA 
(guanine-N(7)-)-methyltransferase BSU29920 putative kinase/phosphotransferase 
BSU29960 2'-5' RNA-ligase family protein 
BSU29970 putative cysteine synthase-like protein 
BSU30070 glycine betaine transporter 
BSU30520 conserved hypothetical protein 
BSU30560 phosphoenolpyruvate carboxykinase 
BSU30680 conserved hypothetical protein 
BSU30710 ribosomal protein L31 
BSU30720 ribosomal protein L31 
BSU30780 O-succinylbenzoate-CoA synthase 
BSU30790 O-succinylbenzoic acid-CoA ligase 
BSU30800 dihydroxynapthoic acid synthetase 
BSU30810 dihydroxynapthoic acid synthetase 
BSU30820 dihydroxynapthoic acid synthetase 
BSU30830 menaquinone-specific isochorismate 
synthase BSU30940 glycogen phosphorylase 
BSU30950 bacterial glycogen (starch) synthase 
BSU30960 bacterial glycogen (starch) synthase 
BSU30970 bacterial glycogen (starch) synthase 
BSU30980 1,4-alpha-glucan branching enzyme 
BSU31000 putative acetyl-transferase 
BSU31010 putative flotillin-like protein 
BSU31050 choline dehydrogenase 
BSU31322 putative potassium channel protein 
BSU31330 conserved hypothetical protein 
BSU31370 putative NADH-dependent butanol 
dehydrogenase BSU31460 two-component sensor histidine kinase 
BSU31540 lipoprotein involved in guanosine 
transport BSU31550 guanosine ABC transporter 
(ATP-binding protein) BSU31560 permease of ABC guanosine transporter 
BSU31570 permease of ABC guanosine transporter 
BSU31600 putative bacteriocin 
BSU31610 Na+/H+ antiporter complex 
BSU31620 component of Na+/H+ antiporter 
BSU31630 component of Na+/H+ antiporter 
BSU31640 non essential component of Na+/H+ 
antiporter BSU31650 efflux transporter for Na+ and cholate 
BSU31760 nicotinamidase 
BSU31770 conserved hypothetical protein 
BSU31830 putative metal-dependent 
phosphohydrolase BSU31920 putative transcriptional regulator 
BSU32040 amino acid transporter 
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BSU32070 conserved hypothetical protein 
BSU32080 conserved hypothetical protein 
BSU32170 diaminopimelate epimerase 
BSU32200 putative NADH dehydrogenase 
BSU32210 putative NADH dehydrogenase 
BSU32300 conserved hypothetical protein 
BSU32330 lipoyl synthase (lipoic acid synthetase) 
BSU32380 putative integral inner membrane protein 
BSU32420 allantoinase 
BSU32520 xanthine dehydrogenase, FAD-binding 
subunit BSU32530 allantoate amidohydrolase 
BSU32630 putative oxidoreductase 
BSU32719 conserved hypothetical protein 
BSU32770 conserved hypothetical protein 
BSU32780 putative ribonuclease 
BSU32820 acyl-CoA dehydrogenase (FAD 
dependent) BSU32830 acetyl-CoA C-acyltransferase 
BSU32840 acetyl-CoA C-acyltransferase 
BSU32940 conserved hypothetical protein 
BSU33100 integral inner membrane protein 
BSU33110 integral inner membrane protein 
BSU33190 putative oxidoreductase 
BSU33290 putative ABC transporter component 
BSU33300 ferrichrome ABC transporter (permease) 
BSU33310 ferrichrome ABC transporter (permease) 
BSU33430 sulfite reductase (hemoprotein 
beta-subunit) BSU33440 sulfite reductase (flavoprotein 
alpha-subunit) BSU33470 thiol-disulfide oxidoreductase 
BSU33510 copper transporter ATPase 
BSU33520 repressor of copper utilisation proteins 
BSU33890 putative acyltransferase 
BSU33980 putative alkanal monooxygenase 
BSU34180 putative transcriptional regulator (GntR 
family) BSU34200 RNA polymerase sigma-54 factor 
(sigma-L) BSU34230 putative aminotransferase 
BSU34240 putative O-acetyltransferase 
BSU34250 putative O-acetyltransferase 
BSU34430 amino acid racemase 
BSU34440 penicillin-binding protein 4* 
BSU34640 conserved hypothetical protein 
BSU34820 conserved hypothetical protein 
BSU34890 amidotransferase (glutaminase) 
BSU34930 ATP phosphoribosyltransferase 
BSU34980 putative integral inner membrane protein 
BSU35030 transcriptional regulator (GntR family) 
BSU35880 capsular polyglutamate synthetase 
BSU35890 capsular polyglutamate synthetase 
BSU35900 capsular polyglutamate synthetase 
BSU36100 putative enzyme 
BSU36120 putative anion transporter 
BSU36150 putative oxidoreductase 
BSU36300 transcriptional regulator (DeoR family) 
BSU36330 conserved hypothetical protein 
BSU36440 putative transcriptional regulator (MarR 
family) BSU36510 ammonium transporter 
BSU36600 transcriptional regulator (MerR family) 
BSU36880 ATP synthase (subunit i) 
BSU36910 conserved hypothetical protein 
BSU37090 putative fructose 1,6-bisphosphatase 
class II BSU37110 putative transaldolase 
BSU37170 acyl-CoA dehydrogenase 
BSU37180 putative iron-sulphur-binding reductase 
BSU37220 putative oxidoreductase 
BSU37340 conserved hypothetical protein 
BSU37490 agmatinase 
BSU37520 conserved hypothetical protein 
BSU37630 putative transporter 
BSU37670 phosphotransacetylase 
BSU37830 dTDP-glucose 4,6-dehydratase 
BSU37930 conserved hypothetical protein 
BSU38100 putative monooxygenase 
BSU38110 putative monooxygenase 
BSU38120 putative monooxygenase 
BSU38150 cytochrome aa3-600 quinol oxidase 
(subunit III) BSU38160 cytochrome aa3-600 quinol oxidase 
(subunit I) BSU38170 cytochrome aa3-600 quinol oxidase 
(subunit II) BSU38240 putative acetate Na+-dependent 
symporter BSU38620 hypothetical protein 
BSU38740 NAD(P)H dehydratase 
BSU38970 putative dehydrogenase 
BSU38980 acetoacetyl CoA-transferase (subunit B) 
BSU39050 catalase 2 
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BSU39100 putative efflux transporter 
BSU39240 putative transporter 
BSU39370 imidazolone-5-propionate hydrolase 
BSU39410 pyrimidine-nucleoside Na+(H+) 
cotransporter BSU39610 putative integral inner membrane protein 
BSU39760 methylmalonate-semialdehyde 
dehydrogenase BSU39970 putative integral inner membrane protein 
BSU40022 putative murein hydrolase export 
regulator BSU40040 glycerate kinase 
BSU40060 gluconate kinase 
BSU40070 gluconate permease 
BSU40190 fructose-1,6-bisphosphatase 
BSU40340 ornithine aminotransferase 
BSU40450 conserved hypothetical protein 
BSU40630 inner spore coat protein 
BSU40660 putative permease 
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4. ʚǵʫŪ 
 A. xylanus ?˔ 5,RQɇƖ<-:ĬĦ̧̭§̗ÆŝʨMrp h
wdnʾ ʲ͎ L-'AʖʲˍŴ͏̭ ̗̋ÆŝUȈǀ%ƶ)ORQ
ĬĦ̧< Mrp hwdnAX`ʭƝvn@X`ʭƝȇ
ȃ?̟˓;Q<@ńĨ%Q[62, 63]*RAz@ů> Ɏŉ¥ 
(X`Ɲ¥);@ɏŞƩə@¡8<-:z@ʷU̵:4̽ȒĆ
şɞȹƅą̛U Na+?ʦƿ-ȇʳUÀǢ/Q`}o;QĬĦ
̧UȈŖ-4A. xylanus;AMrp hwdnAȈŖ-: Q%ATP
ÑŞƝ@ Na+ zn t %Ő'ŞĻ-: Q*<$OA. xylanus
@X`̕ƚȇȃAĬĦ̧Uǥ-4dxXĠȄ Na+@ʷU̵:
4̽ȒĆşɞȹƅą̛%̟˓;Q*<%ƽŪ,RQ̐Ē@ɪɻ?Ǖ
 :A. xylanus NP V-type ATPase @ʎː%ńĨ[64],R:#Pȇʳ
ɞ>ɛɌ%ǅƴ,RQ*<$OǫÂ˨?ʺī%ƴ4RQā":ǫ
ēʫǐɊ;AA. xylanus @ʖʲî pH A{|ăǵ?NPŏɎŉ<ȏ
E: pH unit ;-1.6 ɷƅÊ <ʫŪ-: QÁ¤NPǫˀ@X`







@nd }e$OǓųǓɸ Amphibacillus xylanus (Á¥A. xylanus) UĎ̻ĭ
ġ-4[2]ĠˀAĬĦ̧@I>O0ǖɨ@ catalase M peroxidase UȈŖ/Q%ĬĦ
̧Uǥ/Qőʶˀ<Ġʄ>̝ʔĦĘʳUǥ-ŜȒŕȒǮÃ¥;Ġʄ@ɏʱ̉ƅ<
ʖʲĘ̡Uɰ/[59]*@ɏʱɇƝAZ_nüɑ?ǥă<ǧƐ,RQǫɪɻ@
ɢɞA̝ʔĦĘUɏIö/ A. xylanus @ŕȒÀˮʐ@˙ǚ;QĠɪɻŦ;A
ÀˮɐɆ̜ ʔȠƝx_ ˙ǳ$OŕȒÀˮ?̭§/Q<ƽţ,RQ̜ʔU
˔ 5-:&4%[4, 59]ŕȒÀˮʐ?#(Qűƪɞ>ƽţ?ɘH7: 42*;
ɉɿˉǈȚ» NITE <@íĠɪɻ Amphibacillus xylanus @g˙ǳ%̫Ś,R
2012 Ɓé̗Æŝ@}XXx l%šƧ-4 
 ǫɪɻ;AH0gy t nUɑ 4 A. xylanus @ŕȒÀˮʐ<̭̋
Àˮʐ@ǿ˝Uˉ74*@ʚǵUł?̝ʔÀˮʐ?ȿȼUʛP̝ʔÀˮ̜ʔ@
ƻʕ<˙ǳ,O?AɏĆşɞƫȚ@Îɑ?NQÀˮʐƻʕUˣI4 
ʂ¡ʀ;A A. xylanus gy t nUł? Kyoto Encyclopedia of Genes and 




$O˔ 5-4ĞÀˮʐ̜ʔ̗Æŝ@ RNA-seq ˙ǳUˉ ĞÀˮʙ˷̜ʔ̗Æŝ





ƨ@ɪɻŦ;AɏĆşɞť͌NPǫˀ@ŕȒÀˮ?#(Q NADH oxidase 
(Nox) peroxiredoxin (Prx) complex, Pyruvate dehydrogenase (PDH) complex, SOD @Ũ
§UńĨ-*RO@̜ʔ̗Æŝ (nox1, prx, pdh operon, sodA)@̝ʔnzn¥;
@˺ñ˦ŭU˔ 5-4[5]g˙ǳ?NPǡ? 7 8@̝ʔÀˮ̭̜̋ʔ̗Æŝ
͎dps, fer, fdxA, nox2, trxA, trxB, yumC @͏ŞĻUǚO$?- k˙ǳ$Ofer, 
fdxA, trxA, trxB, yumC @̝ʔ?NQ˺ñ˦ŭU˔ 5-4nox2 ȓɏƧĿ@ NADH 
oxidase <Xx l,R:#P̝ ʔÀˮD@̭§%ƽŪ,RQ%ŕȒǮÃ
¥;@̽˹˦ŭ%˔OR> *<?ā":̐Ē@ NADH oxidase @ʎːť͌?#
 :A. xylanus @¬˓> NADH oxidase ȠƝA̝̐ĆȓʔɏƧĿ@ Nox (nox1);
Q*<%˔ 5,R:#Pǫˀ@̝ʔÀˮD@Ũ§Aů> *<%ƽţ,RQ
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H4Manganase catalase ̗Æŝ@ŞĻL˔ 5,R4%̐ Ē@ɪɻ;`t q
ȠƝ%ǿö,0¼Ķ@ k˙ǳ@ʚǵǚɮ>{Uǿööǯ>$74Ƚ
ǫ̗ÆŝAȇʳɞ;A> <ƽţ-: Q̝ʔÀˮ̭§̗Æŝ@ǡ>Qǿʕ<˙
ǳUɢɞ<-:ŜȒŁ͊ǜ?̝ʔUȨā-ʙǜɞ͎0, 5, 10, 30 min͏?˪ː-4
mRNA jURNA-seq ˙ǳDÐ-4ƓOR4y tUł?˺ñt 
?NQé̗Æŝ@dnte (Euclidean distance, Average linkage)Uǿ˝-4
2@ʚǵʺīȦ *<?ɏĆşɞ?ŕȒÀˮD@̭§%ɰİ,RQ̗Æŝ 
















@Yt D@Ħɦ% 5 %Á¥@̓ƗU˔ 5-30 kDa cut 





td̡̜ʔȠƝ (NADH oxidase ȠƝ)<ɮɿ-4̻̏Ȯţ@ʚǵ?
ł9&ɬɫăɋUˢÒ-42@ʚǵFrench Press, 3 Ķõɍ?NQʖʲɬɫ%̏
̻@˪ː?ǣL̕-: 4 
 10 L m Wt Uɑ :̝ʔȹƅ 0, 10, 21, 40 %ǮÃ¥;Ł͊-Ɠ
OR4ˀÌ$Oʖʲî̻̏U÷̻ţ̡-4ȰˀÌ²ɄˀÌ@̡̟
ź$Oʖʲîȓ÷ĥ̡Uƽţ-21 %̝ʔŞĻ¥;@̻̏ FAD ȹƅAʑ 8 M <
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ȹƅ<-: 10 M FAD ŞĻ¥;@ NADH oxidase ȠƝUƵȅ?̻̏̭
§/Q̝ʔÀˮ̜ʔ@ʎːUˣI4¼Ķ1st ` (Butyl TOYOPEARL 650S) ?
NQ÷ɕ; Nox UĥJȠƝɕ÷< Nox UĥH> ȠƝɕ÷UƓ4Ƒʬ@ɕ÷U
ǡ? DEAE Sephacel, POROS HQ/10 `?NPʎː-4̗Æŝ̛ø$Oƽţ-
4ʎː̜ʔ@éX̛̝ø@ BLAST ˙ǳ@ʚǵǫ̜ʔA Bacillus cereus G9241
@ nitro reductase family protein < 66 %@ɤĠƝUɰ/ȇʳǩɨ@̜ʔ;74ʎ
ː̜ʔUÓŤ¤ NAD (P) H oxidoreductase (NPO)<Âɵ-4 
NPO@ǡ>Qȇʳ˙ǳ@4K?őʶˀ;@ɛɌʐUȃʋ-ʎː-4 recombinant 
NPO Uɑ :̜ʔşɞ>˭Ɲ˲U˙ǳ-4ǫ̜ʔA nitro reductase family protein
<ɤĠƝUɰ/%Ġ̜ʔ@Àˍł˲;Q}zs?ū/QȠƝAÊ'
8M FAD ŞĻ¥;̝̐ĆȓʔɏƧĿ@ NADH oxidase ȠƝUɰ-4 
 ʖʲî̻̏@ţ̡÷ǳ?Ïɑ-4ˀÌUɑ :NPO Nox Prx @




ɞɛɌ%Ɗ'ɰİ,R4 (Figure 1) 
NPO @̝ʔ?ū/Q˚śăɋ (kcat/Km)A3.0
102 sec-1M-1;P8 	M FAD Ş
Ļ¥;A 2.9
104 sec-1M-1;74*RA̻̏̿ŞĻ¥@˚śăɋ%
100 Ü?ȠƝĆ,RQ*<UƠī/Q¡ǔ8 M FAD ŞĻ¥?#(Q Nox @̝
ʔ?ū/Q˚śăɋA 4.3 
 105 sec-1M-1 ;P̝ ʔ?ū/Q˚śăɋA NPO N
PL Nox @ǔ%ʑ 15 Ü͍$74æ@ʎː?#(Q 1st `ɕ÷@ȠƝȏ˼?
# :LNox ĥǥɕ÷@ǔ% NPO ĥǥɕ÷NPL͍ ȠƝUɰ-4*RNP
̜ʔşɞ>̝ʔÀˮȠƝ@˗ȼ$O̏ ̻ŞĻ¥;@̝ʔÀˮȠƝA NPO
NPL Nox @ǔ%͍ *<%ɰİ,R4*RH;@˙ǳ@ʚǵA. xylanus @̐
̝ĆɆ÷˙̜ʔʐA Nox-Prx @I;Q-4%7:ǫˀ@̝ʔÀˮ̝̐ĆɆ
÷˙@˓̜ʔʐA Nox-Prx ;Q<ʫŪ-ȉʀ;ANox-Prx ʐ@ǡ>Q˙ǳU
ˣI4 
 Nox-Prx @̝̐ĆɆ÷˙̉ƅA150180 sec-1;P*@ÝA Nox ?ʚğ/Q
FAD @ NADH ?NQ̘ä̉ƅ (200sec-1) ?̂ Ý;Q[65]ƒ7:ǫ̜ʔʐ
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@̝̐ĆɆ÷˙̉ƅAǫ̜ʔʐ%˚ś;&Q̰ɖ@̉ƅ<ƽţ,R4ǫ̜ʔėƚ







ŝ̡@ʞūţ̡%Ěʳ;Q˙ǳ?A Calypso < MALS detector (Wyatt ɱ)Uɑ 
4ʚǵNox-Prx AˑğÌUƌƧ-ˑğÌƌƧǜ@ Nox < Prx @÷ŝ̡A2R
3R 105.9 201.7 kDaĔC˙̻ţǌA KD = 7.08 
 10-6 M <ʇö,R4*RA
Nox %µ̡Ì͎dimer ͏Prx %Ċ̡Ì͎decamer͏_i U2R3RƌƧ-ǡ
?2RO%͍ȉ@ˑğÌUʢ'ƌƧ/Q*<Uɰİ-4ǡ?©_i @ʚ
ğȏU Nox (dimer) : Prx (decamer) = 2 : 1 <-4<&?ǣLʼ YwxYeʚǵ
%ƓOR4 
 Prx, Nox 2R3R@ʚǟȃ̊˙ǳ?ƧĀ-4%[28](Kitano 2013, data not shown)
ˑğÌɿÌȃ̊˙ǳ?Aʸ7: > 2*;̿ʚǟȃ̊˙ǳƫȚ;Q BioSAXS
Uɑ :NoxPrx #NC Nox-Prx ˑğÌ@ɿÌȃ̊˙ǳUˣI42@ʚǵ
BioSAXS ?NPƓOR4 Nox < Prx @ oyA2R3R@ʚǟȃ̊<¡ʹ
-4ǡ?Nox-Prx ˑğÌȃ̊@ oyLƓQ*<?ùK:ƧĀ-ɌĻ
ƓOR4ɿÌȃ̊@ʚǟȃ̊@YwxYeUˣI: Q 
 *RH;@˙ǳ?NPA. xylanus ̝ʔÀˮ?# :Nox-Prx A˓<>Q̜ʔʐ
;Q*<%ƽţ,R4ʂ¶ʀ;A*@ Nox-Prx @dxXɖ?#(Q÷ŻU





ʐʝ̌ĆȆU 16S rRNA @ʐʝȆ<ȏ˼-4<*SéÐˣˀUĥJµ8@ʐʝȆ
A͍ ɤ̭ƝUɰ-4 
Á¤UH<KQ<ǫɪɻ?NP A. xylanus @ŕȒÀˮʐ<2@̭̋/QłƂÀ
ˮʐU̗Æŝ@˺ñ;ǚO$?-ɏĆşɞƫȚ<@Îɑ$O̏ ̻
%̭§/Q̝ʔÀˮʐU˔ 5-4Á¤@ʚǵ?ł9&A. xylanus ŕȒÀˮʐU
**?ƾı- (Figure 1)Á¥@£̓ɢ%ʫŪ,RQ 
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A̗ÆŝǃÍʐ@ɮɿ%¦ĚȈ;Q%Šţɞ>ŏǯ̗Æŝ@ A. xylanus D
@ŭèȚ@̫ɛAŧǛ;A> 2@ÀǢ<-:ɌĻɽɀōɚUüɑ-4ōɚ
ǹ<̠Ɲǹ<@ȏ˼˙ǳ%ˉ>TR:#P2@Ƨǵ%ǧƐ,RQ 
3. Nox, AhpF-Prx ʐAdxXɖ?ƃ'÷Ż-Nox, AhpF @ʐʝ̌ĆȆ< 16S 
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